' 


AE. MovAse 


j ‘ S = eS 

wy 

” PP? 
» s° 
“7 * 
efor 
er 

»' Ae 
> 


Ocr 4@B/O ? 


Concrete Engineers’ and 
Contractors’ Pocketbook ,*~ 


Prepared by the Editors of 
CONCRETE ENGINEERING .. 


AUG 3 1967 
re RSITY OF roro%y 


Published and cio f 907, by 
THE TECHNICAL PUBLISHING COMPANY 
“V » CLEVELAND | 


Perhaps the most difficult task in the preparation of this 
pocketbook was the selection of formulae for the use of the 
designer. It was our purpose to present not only formulae that 
all engineers must approve, that is, what may be called the long 
method, but also shorter formulae of more recent derivation that 
have been found equally true and accurate. The former we had 
little trouble in securing. The latter, however, promised to delay 
the publication of the book further and we decided not to intro- 
duce it until the second edition is printed. We will have some 
printed in a form convenient for loose insertion, and any pur- 
chaser of a copy of the first edition can procure one of these 
pamphlets without cost on request. 

Extracts, original in subject matter or in form of presentation, 
have been liberally made, with credit in each instance, from the 
following standard works: 

Reinforced Concrete, by Charles F. Marsh. D. Van Nostrand 
Bo: 47 Murray and 27 Warren St., New York, publishers. 
rice $7, a 
A Treatise on Concrete, Plain and Reinforced, by F. W. Tay- 
lor and Sanford E. Thompson. John Wiley & Sons, 43-45 

19th St., New York, publishers. Price $5, 

Architects’ and Builders’ Pocketbook, by Frank E. Kidder, 
published by John Wiley & Sons (see above). Price $5. 

Reinforced Concrete, by Albert W. Buel and Charles S. Hill, 
ee es by The Engineering News. Pub. Co., New York. 

rice $5. 

The Handbooks of the Cambria Steel Co. and the Jones & 
Laughlins Steel Cos were also used. : 

he following credits were marked for correction in the 
plates, but the delays in the publication of this work were so 
many that we decided not to attempt their rectification until the 
second edition is published, which will necessarily be soon: 

Bids Received for Steel for Concrete Reinforcement, p, 93— 
Engineering News; Comparative Costs of Concrete, p. 98—Engi- 
neering News; Concretes, p. 108—Edwin Thacher; Data on 
Beams by Prof. Talbot, p. 146—Marsh; Two Loads Applied 
Symmetrically to Beams, p. 151—Marsh; Maximum Permissible 
Tension, Shear, and Bending Moments for Bolts in Timber, p. 
152—Kidder; Tensile Strengths of Cement Mortar with Natural 
Sand, p. 164—Baker’s Masonry Construction; Tests of Slag 
Cement, p. 165—-Marsh; Effect of Fineness of Sand on 1:2 
Cement Mortar, p. 171—Baker; Comparative Tensile Strengths 
in lb. per sq. in., p. 173—Marsh; Transmission and Hoisting 
Ropes with Wisehean Wires to the. Strand, p. 179—Jones & 
Laughlins, 
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INTRODUCTION. 


In preparing this book we have not attempted to give 
tables which would enable an inexperienced person. to 
design in reinforced concrete. To do so would, in our 
opinion, be questionable engineering. We have endeavored 
to collect such standard data as the designing engineer, 
the engineer contractor and the superintending engineer 
require for reference. In consequence we have omitted 
unnecessary material, referring frequently to the most re- 
cent and best works on reinforced concrete, and the best 
general handbooks. We do not claim to have made tests, 
but we give, in the form of tables, many of the recent 
tests, from which a comparative study may be made. 
We have collected from the handbooks such data as is 
universally required in this kind of construction. We have 
prepared a special table for computing beams, which we 
believe has advantagcs over other tables. We wish to 
say to the reader, as a final word of caution: Unless you 
are certain that you have analyzed all stresses in de- 
signing your various members, don’t attempt to design in 
reinforced concrete. 


GENERAL NOTES. 

Capt. Sewell says concrete is only affected by fire to a 
depth of 4 to % in., except at exposed corners where 
there is a tendency to rounding off 3 in. radius. 

Use of flints is dangerous. 

Concrete should be mixed wet when applied to the 
metal. Mixed too wet, concrete never attains its full 
strength. 

To insure impermeability a concrete must be made very 
rich. Addition of slaked lime ensures closing of the pores. 
Many use soft soap or caustic potash and alum. 2 Ibs. 
soft soap, 12 Ibs. alum, and 380 gals. of water per cu. yd. 
of mortar. , 

Heads greater than 70 ft. are not advisable for large 
diameter concrete pipes. 

Reinforced concrete is heavier than steel or liron-work 
for supporting the same load. There is a high percentage 
of dead to live load. 

After the ultimate strength of the concrete is reached, 
its modulus of elasticity becomes nil. 

On account of the monolithic nature of a structure, 
heavy machinery causes little or no vibration. The driv- 
ing of concrete piles also shows the resistance to shocks. 

Dampness causes elongation; dryness, a contraction of 
concrete. The richness of the mixture plays a greater 
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tote than temperature, but can be obviated by use of 
steel. 

Stone should always be thoroughly wetted before gaug- 
‘ing. Concrete should always be kept damp, while setting, 
thus allowing equal setting. 

Cement should be the best, finely ground and cool. Ag- 
gregate proper size and perfectly clean. A lean, dry con- 
sree is likely to form lines of cleavage between successive 

ayers, 

When acid or alkaline solutions are present in sand the 
sand should not be used. 

If a steel structure must be protected with concrete, 
it is more economical to use reinforced concrete. 

In making tests, the materials should not be too severely 
strained during the initial stages, as the resistance in- 
“creases with the age. Most building authorities require three 
times the maximum load for which the structure is designed. 
Three months should expire before a test is made. ~ 


BEAMS. 
_ Steel is placed in beams to assist the concrete in ten- 
sion, shear and sometimes compression. Steel in con- 
crete beams is never itself in shear. 

Stirrups and the bent bar take the shear not taken by 
the concrete. The portion of the bent bar at the top and 
ends of beam takes the tension due to negative moment. 
The straight bars in the bottom at the center take the 
tension and at the ends compression. hen the concrete 
is unable to take the entire compression, the upper 
straight bars are added and inverted U’s are used, or 
bars fastened with lower bars in some manner. Steel 
should be placed in the tops of all roof beams and girders. 

For various systems see ‘Reinforced Concrete,’’ by 
Charles F. Marsh. 

’ CEMENT. 


Quick setting cements are generally used for pipes, 
reservoirs, etc. Slag cements, unless burnt after the 
mixing of the ground ingredients, should not be used. 
They are not as strong as Portland cements. Slag cements 
are good under water; but unfit for air. 

A good brand of Portland cement passing the specifica- 
tions of the American Society of Testing Materials should 


be used. 
f. SA N D. 


- Grains passing a sieve of meshes 1-5 x 1-5 in. is consid- 
ered sand. 
The following characteristics have been observed: 
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Resistance is less for mortars with regular grains. 

As grains become smaller the resistance lowers. 

When sand is mixed the resistance increases if there 
are twice as many coarse grains as fine grains, maximum 
being obtained by a perfectly graduated mix. 

GRAVEL AND STONE, 

For reinforced work it should never be larger than % in. 
when the reinforcement is of small sectional area. When 
large sections are used 1%, in. may be used. Sand should 
be screened out so that the materials can be properly 
proportioned. Stone should be free from argillaceous or 


organic matter. 
. PROPORTIONS. 

The richer the mixture, the greater the compressive 
strength; the greater the impermeability, the greater the 
change in volume. It is best to proportion by weights, 
as cement is likely to be fluffed. See table on page 185. 


Table Deduced from Dr. Dykerhoff’s Tests on Cubes 
of Mortar and Shingle Concrete. 


l’roportions oe 
3 = 
25 
a La 
re) tee ou 
~ ° ° 
se) i= | 83 
E 5 wa 
» 
e Sand Stone 2 z oD 
Ss os ao 
3 = z eg 
: > = ke 
5 Ba Es 
a o mn 
1 2 0 2158 100 
1 2 3 83 129 
1 2 5 2414 126 
1 3 0 100 
1 3 5 1661 114 
i 3 6% 1534 109 
1 4 0 1068 100 
1 4 5 1291 121 
1 4 84 1221 114 
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VOIDS. 


Voids vary greatly with the humidity and method of 
filling. For detailed discussions, see Marsh, and Taylor 
& Thompson. It is advisable to test the various sands 
to find which one has the greatest compactness. The 
amount of cement and sand to make a unit volume of 
mortar should also be found. Mortar dropped from a 
trowel should leave it perfectly clean; it should be easily 
molded into a ball and if dropped 20 in. should retain its 
rounded shape without cracking. 

M. Feret determined that: 

(1) The compactness of a conerete increases with the 
size of stone. 5 

(2) It varies inversely as the proportion of the fine 
grains in the mortar. 

(3) It decreases generally as the proportion of the 
Seb to the same volume of stone increases. Table 
page 5. , 

The following table was made by Mr. Baker at Water- 
town Arsenal on 12 x 12 x 12 in. cubes: 


I-elative to Strengths of Concretes Tested 600 Days 
After Moulding. 


Crushing strength 
— 
8 “ 
9 gua © 
Proportions of the 5 ‘ o8s a 
Mortar used with o & g bo 
the same stone = Zo 5 : 
F-| 
Ro Actual E Ze ae 
a2 E te 2S 
ES 3.8 
os > to © Sa 
ee faa | 23 
Cement Sand Ay A Fs 
1 1 1.00 4467 5000 1.00 
1 2 0.67 3731 3300 0.66 
1 3 0.50 2553 2500 0.50 
Bee |i 0.40 2015 2000 0.40 
1 | 3 0.33 1796 1600 0.32 
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The volume of mortar required to fill the voids is always 
more than the voids as originally measured, increasing as 
the stone becomes smaller and more mixed. From 9 to 
15% of water should be used—of course, varying conditions 
must always be taken care of. Materials should always 
be mixed dry, and the water then added. If hand mixed, 
see that it is evenly mixed. 


STEEL. 

When the elastic limit of the reinforcing metal is 
passed, providing all other stresses are proportionately 
taken care of, the concrete beam fails; consequently it is 
the chief criterion. For conservative practice a tensile 
strength of 60,000 Ib.; an elastic limit of 30,000 to 40,000 
Ib.; an elongation of 20% in 8 in. and bending cold 180 deg. 
without fracture, are fair requirements of steel. 

The different patented bars have the following tensile 


strengths: 

; Elastic Limit. Ultimate Strength. 
manesome <4. <3. 3's" 36 to 50,000 60,000 to 100,000 
"RUGEROY sick $0. 6 of 32,000 64,000 
POUUNON \s te cae wee 50 to 60,000 100,000 
OU eA PP AS 30,000 60, 


000 
Ordinary working stresses range from 15,000 to 22,000 
Ib. per sq. in. in tension. Shear at 10,000 to 12,000 Ib. 
Lap bars 30 diameters to develop the grip. 
Small bars are more expensive than large, but small 
bars distribute the stress better and have a greater per- 


imeter. 
REINFORCEMENT. 


In a work of this kind, for the packing in small com- 
pass of tables and data for convenient reference, it is not 
consistent to attempt a description of the various styles 
of reinforcing material. The subject is too large. If 
treated in a helpful way it would require a book for its 
exposition. It is the intention of the publishers of Con- 
erete Engineering to devote one issue to a description of 
the different kinds and systems of reinforcement at an 
early date. 

Following is a list of names of reinforcing materials 
from Marsh. Nearly all are patented. 

American Concrete Steel Co.; Bonna; Bordenave; Bous- 
seron & Garric; Chaudy; Clinton; Coignet; Columbian: 
Cottancin; Coularou; Cummings; Degon; Demay; De 
- Valliere-Simon & Co.; Habrich, or Thomas & Steinhoff; 
Hennebique; Johnson; Kahn; Klett; Koenen; Locher: 
Machiachini; Matrai; Melan; Moller; Monier; Mueller, 
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Marx & Co.; Pavin de Lafarge; Piketty; Rabitz; Rari- 
some; Roebling; Sanders; Siegwart; Stolte; Thacher; 
Walser-Gerard; Wayss & Freytag; Williams; Wunsch. 
The Johnson bars are among the best known. The 
Kahn are in great vogue. The Thacher and Diamond, 
made by the Concrete Steel Engineering Co., are much 
used. The Clinton Wire Cloth Co.’s system is one of the 
best known, while the Unit and Hennebique are being 
patronized extensively. The International Fence & Fire- 
proofing Co. makes a good form of reinforcing. Some of 
the recently introduced forms in America are: The Ga- 
briel, C. A. P. Turner, Maxwell (American Concrete Steel 
Co.), the system of the General Fireproofing Co., and 
Ferro-Inclave, put out by the Brown Hoisting Machinery 
Co. mostly for roofing. The Trussed Concrete Steel Co., 
owners of the Kahn patents, have recently brought out 
the Cup-Bar and a style of expanded metal reinforcement. 


FORMS. 


Formwork depends on the type of construction, thick- 
ness of slab and consequent large dead load of slab and 
required alignment of the completed structure. For floors 
a live load of 35 lb. per sq. ft.’ would appear sufficient. 
They should be of sufficient rigidity that the vibrations 
are not severe enough to affect the setting of the 
cement. All forms should be put together so that they 
can be easily removed and should be made to take any 
swelling which may occur. This can be done by beveling 
one edge. Open jointed canvas lined molds are sometimes 
used. Dressed lumber should be used where finished sur- 
face is desired. To prevent concrete from sticking to the 
molds, oil, paper and tin or sheet iron are used. Where 
eorners are likely to be broken off, bevel strips are used. 
Openings should be left in the bottom of columns to re- 
move sawdust, etc. Bands are placed closer at the bot- 
tom than at the top of columns; battens used about 18 in. 
o. c. on beams and girders, every other one projecting 4 
in. below bottoms to nail.on cross piece; joists placed at 
each batten to brace sides of beams and girders; strips 
nailed along battens to support joists; bottoms of beams 
and girders shored. Forms can be held together by rods, 
wires or special devices. The span of flooring, siding, 
joists and shoring can be computed from the following 
data and tables: 
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EXPLANATION OF THE TABLES OF SAFE LOADS IN 
POUNDS, UNIFORMLY DISTRIBUTED FOR 
RECTANGULAR WOODEN BEAMS ONE 
INCH THICK, ON FOLLOWING PAGES. 


(From Pocketbook of the Cambria Steel Co.) 
General. 


For convenience in use, three of these tables have been 
prepared, from which the safe loads of the various species 
can be obtained, either directly or by proportion as stated 
in the footnotes. 

The values given in the tables are the safe loads in 
pounds uniformly distributed, including the weight of the 
beam itself, for rectangular beams 1 in. thick for spans 
from 4 to 40 ft. and for depths from 4 to 24 in. The safe 
load for a beam of any thickness may be found by multi- 
plying the values given in the tables by the thickness of 
the beam in inches. 

The last column of eacn of the three Tables of Safe 
Loads for Rectangular Wooden Beams gives a coefficient 
of deflection, by means of which the deflection for any 
beam may be obtained, corresponding to the given span 
and safe load, by dividing the coefficient by the depth of 
the beam in inches, which will give approximately the 
deflection in inches under the given conditions. 

In each table the deflection coefficient is given for only 
one species of wood, as shown, but the deflections for 
other species may be obtained from these by proportion as 
explained hereafter. 

For the reason that wood has no well-defined limit or 
modulus of elasticity the deflections obtained by the use 
of the coefficients are only approximate and will vary, 
according to the moisture content of the wood and the 
character of the loading. The deflections thus obtained 
are, therefore, useful only as a general indication of the 
amount of bending to be expected under the given condi- 
tions and are not exact as in the case of materials like 
steel, which has a well-defined limit and modulus of 
elasticity.* 


*Nofe.—‘‘A series of tests, undertaken at the College of 
Forestry at Cornell University, seems to demonstrate that, 
at least in coniferous wood, a definite elastic limit for any 
particular piece .can be easily shown, and, that it coin- 

des with the theoretically calculated elastic limit upon 

e bases of compression tests and their application, ac- 
tording to Neely’s formula.” 
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The safe loads for other species of woods than those 
stated in the headings of the tables may be obtained from 
those given, by direct proportion, dependent upon the 
ratio of their allowable unit stress as compared with that 
for which the table is figured, as stated in the foot- 
notes at the bottom of the tables. 


EXPLANATION OF THE TABLE OF SAFE LOADS FOR 
RECTANGULAR BEAMS OF WHITE PINE, CEDAR, 
SPRUCE OR EASTERN FIR. 


The values for the various species of woods, which are 
included in this table are calculated for an allowable fiber 
stress, for flexure, of 700 Ib. per square inch. 

The deflection coefficients are given for white pine, and 

are based upon a modulus of elasticity of 1,000,000 lb. per 
square inch. 
"The lower-dotted line crossing the table indicates the 
limits of spans for which the deflection will exceed 1-360 of 
tne span for the kind of wood for which the deflection 
coefficient is given. For spans below the line the safe 
loads given in tne tables will produce a deflection greater 
than 1-36) of the span, while those above the line will 
produce less than this, which is the usual limit of deflec- 
tion, in order to prevent cracking of plastered ceilings. 
Similarly, the upper dotted line indicates the limit of de- 
flection for the kind of wood for which the deflection 
coefficient is given, corresponding to a modulus of elas- 
ticity of 500,000 Ib. per square inch, which should be 
considered in cases where the deflection should be more 
closely limited. 

The coefficient of deflection for cedar corresponding to 
moduli of 700,000 and 350,000 may be obtained by multiply- 
ing those of the table by 10-7 and 20-7 respectively, and 
for spruce and eastern fir corresponding to moduli of 
1,200,000 and 600,000 by multiplying those of the table by 
5-6 and 5-3 respectively. 

The full zig-zag line in the table gives the limits of the 
safe loads corresponding to the allowable shearing stress 
ulong the neutral axis of the beam. The safe loads above 
the line, which are based upon the extreme fiber strains, 
will produce shearing stresses along the axis or with the 
grain in excess of that allowable, which, in the case of 
white pine and the other woods of this table, is 100 Ib. 
per sq. in. 

The position of this line, which indicates the limit of 
safe loads for shearing along the neutral axis, was deter- 
mined by the aid of the following formula: 
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sg eA 
in which 
W —safe load in pounds uniformly distributed. 
d—depth of beam in inches. 
b—breadth of beam in inches. 
s=—allowable shear in the direction of the grain in 
pounds per square inch. 


EXPLANATION OF THE TABLE OF SAFE LOADS FOR 
RECTANGULAR BEAMS OF SHORT-LEAF 
YELLOW PINE. 

The table is calculated for an allowable fiber stress, for 
flexure, of 1,000 lb. per square inch. 

The deflection coefficients are figured for a modulus of 
elasticity of 1,200,000 Ib. per square inch, but may be 
used for other moduli, after obtaining the corresponding 
coefficients by proportion as heretofore explained. 

The lower dotted line across the table indicates the 
limits of spans for which the safe load will produce de- 
flections greater than 1-360 of the length of the beam. 
Values above the line will give less deflection than this, 
and those below will give greater, based on. a modulus of 
1,200,000 Ib. per square inch. Similarly, the upper dotted 
line indicates the limit of deflection corresponding to a 
modulus of elasticity of 600,000 Ib. per square inch. 

The full zig-zag line across the table indicates the limit- 
ing spans and loads based on the allowable intensity of 
shearing stress along the neutral axis of the beam. The 
values above the full zig-zag line correspond to shearing 
stresses greater than the allowable stress in the direction 
of the grain of short-leaf yellow pine, while those below 
the line correspond to shearing stresses less than that 
allowable, which, in this case, is assumed to be 100 Ib, 
per square inch. ; 

EXPLANATION OF TABLES OF SAFE LOADS FOR 
RECTANGULAR BEAMS OF WHITE OAK AND 
: LONG-LEAF YELLOW PINE. 

The table is computed for an allowable fiber stress of 
1,200 Ib. per square inch, for flexure, and the deflection 
coefficients are calculated for a modulus of elasticity of 
1,500,000 Ib. per square inch. 

The limit for a deflection of 1-360 of the span is indi- 
cated by the lower dotted zig-sag line on the tables, the 
values below which correspond to deflections greater than, 
and those above to deflections less than, the limiting de- 
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fiections. The upper dotted zig-zag line similarly indi- 
cates the limits of deflection for a modulus of elasticity of 
750,000 lb. per square inch. 

The lower full zig-zag line indicates the limit of allow- 
able shearing stress along the axis corresponding to the 
ure intensity, for yellow pine, of 150 lb. per square 
nch. 

Similarly, the upper full zig-zag line indicates the limits 
for shearing along the axis for white Oak based on an 
allowable intensity of 200 lb. per square inch, 


BEARING AT POINTS OF SUPPORT. 

Care should be taken in designing to provide sufficient 
bearing at the points of support so that the allowabie in- 
tensity of compression across the grain is not exceeded. 

This may be obtained, where necessary, by the use of 
corbels or bearing plates of harder wood arranged so as 
to give a large bearing area against the softer beam. 

The following statements are made in Bulletin No. 12, 
U. S. Department of Agriculture, Division of Forestry: 


RECOMMENDED PRACTICE. 

“Since the strength of timber varies very greatly with 
the moisture contents (see Bulletin 8 of the Forestry Divi- 
sion), the economical designing of such structures will 
necessitate their being separated into groups according to 
the maximum moisture contents in use. 


MOISTURE CLASSIFICATION, 


“Class A (moisture contents, 18 per cent.)—Structures 
freely exposed to the weather, such as railway trestles, 
uncovered bridges, etc. 

“Class B (moisture contents, 15 per cent.)—Structures 
under roof but without side shelter, freely exposed to our. 
side air, but protected from rain, such as roof trusses of 
open shops arfd sheds, covered bridges over streams, etc. 

“Class C (moisture contents, 12 per cent.)—Structures in 
buildings unheated, but more or less protected from out- 
side air, such as roof trusses of barns, enclosed shops and 
sheds, etc. 

“Class D (moisture contents, 10 per cent.)—Structures 
in buildings at all times protected from the outside air, 
heated in the winter, such as roof trusses in houses, halls, 
churches, ete. : 

“For long-leaf pine add to all the values given in the 
tables, except those for moduli of elasticity, tension and 
shearing, for Class B, 15 per cent; for Class C, 40 per 
cent; for Class D, 55 per cent. For the other species add 
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to these values, for Class B, 8 per cent; for Class C, 18 
per cent and for Class D, 25 per cent. 
* Based upon the above classification of structures, the 
two following tables have been figured to facilitate calcu- 
tions of allowable loads for wooden beams and columns. 
Proportion of the values given in the ‘“‘Tables of Safe 
Loads for Wooden Beams,’ to be used in order to obtain 
the safe loads for the various classes of structures referred 


Classes. Yellow Pine. All Others. 
Clagett eee iis ciara FE Re BOSC el aE 1.00 1.00 
8 FU: age Ss GR ne 2 eve nme 1.15 1.08 
Claw eS ai co th +d ba date ke ra oh Oe 1.40 1.18 
Claw IS Sonn cad Socks corel oe ee eres 1.55 1.25 


Safety factors to be applied to the values given in the 
table of “Strength of Solid Wooden Columns,” in order 
to obtain the safe loads for the various classes of struc- 
tures referred to above. 


Classes. _ Yellow Pine. All Others. 
Clase 7A”. vivsecnes petuda cede s cee 0.20 0.20 
Class. 3B) «sate, asa Poke a san. ane: 0.23 0.22 
Class Gi «demote ads nes Dates cesta 0.28 0.24 
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SAFE LOAD IN POUNDS 

(FrRoM THE PocKETBOOK FOR RECTANGULAR 
OF THE CAMBRIA 

STEEL Co.) OF WHITE PINE, OHDAR 


Allowable fibre stress 700 pounds persquareinch, Safety factor 6. 
‘Safe loads for other safety factors may be obtained as follows: 


Span Depth of Beam in Inches. ee : 
in White Pine, 
Po, | *| 5| 6| 7 @|10|11/12/18/14] vy 
4 | 811] 486% 700} 953112441 1575 | 1944 | 2352 | 2800 | 3286 | 361: 4 
5 el coal aor at 1260 | 1556 | 1882 | 2240 | 2629 | 3049 53 
- 6 | 207| 824) 467) 635; 830) 1050 ) 1296 | 1569 | 1867 | 2191 | 2541 76 
7 | 17% 278| 400| 544) 7iis__900 | 1111 |"1344 | 1600] 1878 | 2178 | 1.08 
8 ABE 350) 476] 622\""78S]" Y7FE 1176 | 1400 | T1643] 1906 | 1.34 
9 216% $11 423] 553} 700 | 864 | 104s { 1244 | 1460 | 1698] 1.70 
‘ 
10 | 124] 194] 280% 881] 498) 630 | 778 | 941 | 1120! 1314] 1524] 2.10 
11 | 113] 177| 255] 846: 453] 573 | 707 | 856 | 1018 ) T1957 1386} 2.54 
12 | 103 818s 415] 525} 648} 784} 933 | 1095 [1270] 3.02 
13 293|"883: 485 | 598} 724] 862/ 1011/1173] 3.55 
4 | 89 272} 9564 450 | 556 | 672) 800 | 999] 1089] 4.12 
15 | 83) 180} 187| 254 | 519! 627] 747] 876/ 1016} 4.73 
16 | 78) 122) 175) 238 486% 583| 700] 821} 953] 5.38 
17 | 78) 114) 165) 224 458} 554 | 659] 773] 897] 6.07 
18 | 69) 108) 432 | 52+ 622] 730| 847] 6.80 
19 | 65) 102] 147) 201 409 | 495} 580! 692} 802] 7.53 
20 97} 140| 191 389} 471] 560% 657 | 762] 8.40 
ai 93} 133] 182 370} 448| 533 [6363 726] 9,26 
2 88) 127} 173 854 | 428| 509] 597} 693] 10.16 
B 85 166 338 | 409] 487| 572)° 663) 11.11 
4 159) 824 | 302] 467] 548] 635] 12.10 
2% 152 811 | 376] 448] 526] 610] 13.13 
2%6 147 299 | 862] 431) 506} 586) 14.20 
27 Ml 238 | $49) 415) 487) 565| 15.31 
28 136 278 | $36 | 400| 469] 544] 16.46 
29 131 268 | $25] 886 | 453] 526) 17.66 
%0 93] 127 250 | $14] 873| 438] 508 | 18.90 
31 123) 21] 804) S61) 424| 492| 20.18 
$2 9 23 | 204| 850] 411| 476| 21.50 
83 15 236 | 285} 839) 398) 462) 22.87 
34 ul 229 | 27 | 829] 887] 448] 24.28 
85 2a | 200| 220 | 876! 496] 25.78 
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UNIFORMLY DISTRIBUTED 
BEAMS ONE INCH THICE 
AND SPRUCE OR EASTERN FIR. 
Modulus of rupture 4 200 pounds per square inch. 
New safe loid = Safe load from table X > —* —_. 


Span Depth of Beam in Inches. Re peer) 
in 7 White Pins. 
yet, |15/16] 17} 18] 19] 20| 21/ 22| 23/24) wy 
9 2498 | 2800 | 3120.| 3457 | 3811 | 4183 | 4571 | 4978] 1.70 
10 2245 | 2520 | 2808 | S111 | 3430 | 3764 | 4114 | 4480] 2.10 
11 2044 | 2291 | 2552 | 2828 | 3118 | 3422 | 3740 | 4073 | 2.54 
12 iors | 2100 3500" as05-1 see | ais7 {aces | sz 3.02 
8 * 1729 | 1938 | 2160 | 2393 | 2633 | 2896 | 3165 | 3446] 3.55 
“4 1666 7_ 1300 | 2056 | 2222 | 2450 | 2680 | 2900 | 3200 4.12 
15 1499 | 1680 | 1872 | 2074 | 2287 | 2510 | 2743 | 2987} 4.73 
16 1405 | 1575 [ 1755") 1544S 2144 | 2353 | 2571 | 2800] 5.38 
17 1171} 1322 | 1482 | 1652 | 1830 |"S01s 3 2214 | 2420 | 2635] 6.07 
18 1249 | 1400 | 1560 | 1728 | 1906 [209 3 2286 | 2489} 6.80 
19 1183 | 1826 | 1478 | 1637 | 1806 | 1981 |"Si65'§ 2358 | 7.58 
2 1124 | 1260 | 1404 | 1556 | 1715 | 1882 | 2057 | 2240/ 8.40 
2 1070 | 1200 | 1337 | 1481 | 1633 | 1793 | 1959 | 2133 | 9.26 
2 1022 | 1145 | 1276 | 1414 | 1559 | 1711 | 1870 | 2086 | 10.16 
B 977 | 1096 | 1221 | 1353 | 1491 | 1637 | 1789 | 1948} 11.11 
oy 987 | 1050 | 1170 | 1296 | 1429 | 1569 | 1714 | 1867} 12.10 
5 899 | 1008 | 1123 | 1244 | 1372 | 1506 | 1645} 1792 | 13.13 
26 865 | 969 | 1080 | 1197 | 1319 | 1448 | 1582] 1723 | 14.20 
2 737| “633 $ 933.| 1040 | 1152 | 1270 | 1994 | 1524 | 1659 | 15.31 
2 803 $ 900 | 1003 | 1111 | 1225 | 1344 | 1469} 1600] 16.46 
29 775 |"“669F 968 | 1073 | 1183 | 1298 | 1419 | 1545 | 17.66 
30 749} 840 § 996 | 1087 | 1143 | 1255 | 1371 | 1496] 18.90 
31 725 | 813 |” 906s 1004 | 1106 | 1214 | 1327 | 445 | 20.18 
$2 } S47 703 | 787 | 877) 972% 1072) 1176 | 1286 | 1400| 2150 
33 | 534 681} 764} 850 | 943+ 1099 | 1141 | 2247 | 1358 | 22.87 
u G61 | 741] 826) 915 | TOOTF 1107 | 1210 | 1318) 24.28 
35 612} 720} 802] 889] 980 | 107631176 | 1280) 25.73 
36 624 | 700| 780| 864] 953 | 10161 114331244 | 27.22 
87 | 473 60s | 631} 759 | 842] 927 | 1017) 112; TAT| 23.75 
38 524) 502} 663 | 739| 819| 903 | 991 | 1083/1179] 30.32 
39 5ul| 576 | 646| 720) 798| 880) 965/| 1055 | 1149| SI. 
40 662 | 630 | 702! 778} 858! 9411 1029/1120! 33.60 
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SAFE LOADS IN POUNDS 
FOR RECTANGULAR 
OF SHORT-LEAF 


Allowable fibre stress 1000 pounds per square inch. Safety factor 6. 
Safe loads for other safety factors may be obtained as follows: 


Span Depth of Beam in Inches, Deflection 
in Coefficient, 
Yet. a|s 6 7\8 9 |io0/1i}/iel/as|i4] v 
4 | 444) 694)1000,1361]1778| 2250 | 2778 | 3361 | 4000 | 4co4 | 5444 40 
5 | 856 $00] 108931422] 1800 | 2222 | 2689 | 3200 | 3756 | 4856 .63 
G | "356: 463 1185) 1500"; 1852 | 2241 | 2667 | 3130 | 3680 | 90 
7 | 254; 397, 1587" 1921 | 2286 | 2683 | S111 | 1.23 
8 847 1389 | "Y68L | 2000's 2347 | 2722 | 1.60 
9 | 198| 309 1235 | 1494 | 1778 [2085 % 2420 | 2.03 
10 | 178] 278) 400 1111 | 1344 | 1600 | 1878 | 2178 | 2.50 
11 | 162| 258) 364 18 | 1010 | 1222 | 1455 [1107 | 1980 | 3.03 
12 | 148! 231] 333 D0 £ 926 | 1120 | 1333 | 1565 | 181> | 3.60 
13 | 137} 214] 308 692 {855 | 1034 | 1231 | 1444 | 1675 | 4.23 
14 | 127} 198] 286 643 | 794 ¢ 960 | 1143 | 1341 | 1556 | 4.90 
15 | 119} 185!'267 474| 600 | 741 | 896 « 1067 | 1252 | 1452 5.63 
16 | 111| 174] 250 444) 563} 694] 840 |[000'! 1174 | 1361 | 6.40 
17 | 105! 163| 235 418} 529] 654} 791 | 94141105 | 1281 | 7.23 
18 | 99)°154) 222 395] 500] 617] 747] 839 [104331210] 8.10 
19 | 94] 146 374, 474] 585 | 708 | g42] 988 1146'|] 9.03 
20 | 89 139 356] 450] 556] 672] 800] 939] 1089| 10.00 
21 | 85} 132) 839] 429| 529] 640] 7e2| 894 | 1037 | 11.03 
22 | 81] 126 $23] 409] 505] 611] 727] 854] 990! 1210 
% | 77) 121 309] 891 | 483] 585] 696] 816] 947 | 13.23 
24 6 296] 375 | 463 | 560] 667] 782] 907] 14.40 
25 M11 284} 360] 444] 538] G40] 751] 871 | 15.63 
26 107 274] 346 | 427] 517] 615] 722] 838 | 16.90 
7 103 263} 333} 412] 498! 593] 695] 807] 18.23 
23 99 254) $21 | 997] 480] 571] 671| 778] 19.60 
29 245, 310| 383 | 464] 552] 648] 751] 21.03 
30 237| 300 | 870] 448] 533] 626] 726} 22.50 
31 229} 200/ 358 | 434] 516] 606) 703 | 24.03 
82 281 | 347/ 420] 500] 687] 681 | 25.60 
38 215| 273 | 397] 407| 485] 669] 660] 27.23 
w 265 | 327| 395] 471] 652] 641 | 28.90 
35 257 | 317| 384] 4571 587] 6021 30.63 


Safe loads for any fibre stress may be readily obtained from this table by proportion, 
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UNIFORMLY DISTRIBUTED, 
BEAMS ONE INCH THICKE, 
YELLOW PINE. 


Modulus of rupture 6 000 pounds per square inch, 


6 
New safe load = Safe load from table X 
Span Depth of Beam in Inches. Deflection 
in Coaficient, 
Pot. | 15) 16 | 17 | 18 | 19 | 20 / 21 | 22 | 23 | 24] V 
9 4000 4908 | 5444 | 5975 | G31] 7111] 203 
10 3600 | 4011 | 4444 | 4900 | 5378 | 5878 | 6400] 250 
u 9 | 8278 | 3646 | 4040 | 4455 | 4889 | 5343 | 5818} 3.03 
12 3600 3 8343 | 3704 | 4083 | 4481 | 4998 | 6333 | 3.60 
15 2769 | "S085; 3419 | 3769 | 4137 | 4521 | 4923] 4.23 
“4 2571 | 2865 | S175") 3500 saat | 4198 | 4571} 4.90 
15 2400 | 2674 | 2963 | 8267 | 3585 § 3919 | 4267] 5.63 
“6 2250 2778 | 3062 | 361 | 36774000 | 6.40 
17 2118 | 2359 | 2614 | 2882 | 3163 | 3458 | 8765] 7.23 
18 2000 | 2228 | 2409 2083 | $265 | 8556] 8.10 
19 1895 | 2111 | 2339 | 2579 [2830 | S004 | 8368] 9.03 
2 1800 | 2006 | 2222 | 2450 | 2689 | 2939 | 3200] 10.00 
2 | 1714 | 1910 | 2116 | 2333 | 2561 | 2799 | 3048 | 11.08 
22 |1136) 1255} 1460 | 1636 | 1828 | 2020 | 2227 | 2444 | 2672 | 2909] 12.10 
2 |1087| 1237 1585 | 1744 | 1992 | 2190 | 2338 | 2556 | 2783] 13.23 
24 1185 | 1338 ["I500 } 1671 | 1852 | 2042 | 2241 | 2449 | 2667] 14.40 
Da) 1138 | 1284 | 1440 § 1604 | 1778 | 1960 | 2131 | 2351 | 2560] 15.63 
26 1094 | 1235 | 1385 | "T543"$ 1709 | 1885 | 2068 | 2261 | 2462) 16.90 
2 1053 | 1189 | 1333 | 1486 [IG s 1815 | 1992 | 2177 | 2370] 18.28 
23 1016 | 1147 | 1236 | 1433 | 1587 | 1760} 1921 | 2099 | 2286 | 19.60 
2 981 | 1107 | 1241 | 1983 | 1583 | 1690 ¢ 1854 | 2027 | 2207 | 21.08 
30 948 | 1070 | 1208 | 1337 | 1481 | 1683 | 1793 $ 1959 | 2183 | 22.50 
31 918 | 1036 | 1161 | 1294 | 1434 | 1581 | 1735 2065 | 24.08 
82 | 781| 889 | 1003 | 1125 | 1258 | 1889 | 1531 | 1681 | 1837 [3000 | 25.60 
33 862 | 973 | 1091 | 1215 | 1947 | 1485 | 1690 | 1781 | 1999] 27.23 
u 837 | 944 | 1050 | 1190 | 1907 | 1441 | 1582 | 1728 | 1882] 28.90 
35 | 714] 813] 917 | 1029 | 1146 | 1270 | 1400 | 1537 | 1677 | 1829} 90.63 
%6 780 | 894 | 1000 | 1114 | 1235 | 1361 | 1494 | 1633 | 1778} 3240 
87 769 | 868 | 973 | 1084 | 1201 | 1324 | 1453 | 1589 | 1730] 94.23 
8 749 | 845 | 947 | 1056 | 1169 | 1289 | 1415 | 1547 | 1684] 96.10 
39 | 641] 729| 823] 923 | 1028 | 1140 | 1256 | 1379 | 1507 | 1641 | 38.03 
40 711 | 803! 900 | 1003 | 1111 | 1225 | 1344 | 1469 | 1600! 40.00 
=> ba 
~" Safe 


| 
| 


18 
—~ S§AFE LOADS IN POUNDS 
FOR RECTANGULAR 
OF WHITE OAK AND 
Allowable fibre stress 1200 pounds per square inch. Safety factor 6. 
Safe loads for other safety factors may be obtained as follows : 


Span Depth of Beam in Inches. Deflection 
a aad 
Fot.} 4/5/6/7/ 8 | 9 | 10/11/12/18/14| Vv 
4 | 533) 33/1200 1688] 2133 | 2700 | $333 | 4088 | 4800 | 5638 | 6593) 38 
5 | 427 667} Web] E307 1707 2160 | 2667 | 3227 | 3840 | 4507 | 5227] 60 
.6 |°356, 556) 800}1089/ 1422 5 1800 | 2222 | 2689 | 3200 | 3756 | 4356] 86 
7 \| 305] 476: 686) 933) 1219 |"I543") “19¢ ¥ 2743 |B219 | B33 | 1.18 
8 | 267| 417% 600! 817) 1067 | 1350 | 1667 ; 2017 § 2400 | 2817 | 3267] 1.54 
9 | 237] 870)"533: 726] 948 | 1200 | 1481 | 1793 [21337 2507 | 2004 | 1.94 
: sabe rr) 

853 | 1080 | 1388 | 1613 | 1920 | 2253 | 2613) 2.40, 

504: 776 | 982 | 1212 | 1467 | 1745 | 2048 | 2376} 290 

4 Ai 900 | 1111 | 1344 | 1600 | 178 | 2178 | 3.46 

503) 656 | “83° 1026 | 1241 | 1477 | 1733 | 2010] 4.06 

467] 610 | 771 | ~952"} 1152 | 1371 | 1610 | 1867} 4.70 

436] 569 | 720| 899 $1074 | 1280 | 1502 | 1742] 5.40 

408} 533 | 675 | 833 { 1008" 1200 | 1408 | 1633] 6.14 

384] 502 | 635] 784] 99 1325 | 1537] 6.94 

363] 474 | 600] 741 | 896 | 1067 $1252 | 1452] 7.78 

344] 449| 563] 702] 849 | 1011 1.1375 | 8.66 

827} 427| 540| 667| 807| 960 | 1127 | 1307| 9.60 

B11] 406] 514| 635} 768} 914 | 1073 | 1244] 10.58 

207} 388} 491} 606] 733 | 878 | 1024 | 1188 | 11.62 

284] 871} 470] 580] 701| 835| 980 | 1136] 12.70 

272| 356} 450| 556| 672} 800| 939 | 1089 | 13.82 

261} 341} 432| 533 | 645} 768 | 901 | 1045 | 15.00 

251) $28 | 415| 513| 621} 738} 867 | 1005 | 16.22 

242} 316 | 400| 494] 598] 711} 835] 968] 17.50 

1] 233} 305 | 886] 476] 576] 686] 805] 933] 18.82 

2%5| 294} 372) 460| 556] 662] 777| 901} 20.18 

218| 284 | 200] 444] 538] 640] 751| 871} 2160 

108] 155| 213] 275 | 318 | 430| 520] 619| 727| 46} 23.06 

204] 267] 333| 417! 504] 600] 704] 817] 21.58 

198} 259] 327| 404] 489] 582) 683] 792) 26.14 

sey 21} 318| 392] 475| 565] 603 | 769) 27.74 

187} 244 | 309] 381] 461} 549] 644 | 7471 29.40 


Safe loads for beams of Dou as Fir, Red Pine (Norway Pine), C Chestnut 
a Mot ab Fir, ( y Pine), Cypress, nu 


’ 
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UNIFORMLY DISTRIBUTED, 


BEAMS ONE INOH THICE, 


LONG-LEAF YELLOW PINE. 


Modulus of rupture 7 200 pounds per square inch, 


6 
New factor 


New safe load = Safe load from table X 


Vv 
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Safe loads for beams of Hemlock, 34 of above. 
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Maximum Span for Floor Joists in Dwellings, Tene- 
ments and Grammar School Rooms with 
Fixed Desks—( Kidder.) 
Total Load, 60 pounds per square foot. 
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DXDs bw ain ub en's 12 9 9 10 | 10 10 10/11 7 
BIG cA weres 16 8 9 8 10 9 6 9 10 |10 6 
» ie ee ee 12 11 11 2.1 0 | 12 6 |1864 
US eR ee 16 10 1 | 10 24:10 10 |i1 21h 
BXGies AS. 12 12> =i 18 14h. 338-1 4 a4 5 1/15 6 
BAGS Stein's 16 11 9.13 = 10.1 8. | 13 17 149 
SXB: Sawedeee 12 14 Orgel. 36 0 | 16 6.) 177-38 
bs iat 16 13 6 | 13 7 |14 @ | 15 0 1;16 2 
Vk SRP 12 16 2 |16 4/17 5 | 18 0 |;19 4 
QRAD>. skp des 16 14 9 }14 10 | 15 9 | 16 4°) Wa 

Total Load, 66 pounds per square foot. 

DedO veh swine 12 18 0 )18 1 5139 3 | 20 0 | 2196 
PL RR 16 16 8 | 16 56 117 7 118 2/319 6 
BXlow daa sess 12 18 10 | 19 0 | 20 8 |20 10 |22 6 
BEI bielsvas 16 17 2 |17 38 | 18 4 |19 0 |20 6 
SXI1D- 5 -e%'e'ed 12 21 6 | 21 8 |23 .2 | 24 0 |2 9 
FH TE 16 19 7 119 8 | 21 pe sf 9 | 20 
> ot Tae A aS 12 22 0 | 22 2-133 8 | 24 4 |2 8 
Oxides ey SS 16 20 0 | 20 1- | 21 0 | 22 2 |23 10 
216x14....0.% 12 23 8 |23 10 | 25 6 | 26 8 | 28) 8 
2x14 wc 16 21 6 | 21 8 | 23 2°|28 10 | 228 
ot ee 12 25 4 | 25 4 |27 1 | 28 0:;30 2 
REA s dua’ coer 16 23 0 | 23 0 | 24 7 125 4 |27 4 


About 10 days should elapse before striking forms. The 
sides of beams can be removed sooner. It is best to keer 
the bottoms and shores under beams and girders for at 
least 5 weeks. 

FACING AND FLOOR FINISH. 


Facing can be applied next to the forms in the shape of 
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& dry mortar and the backing then placed; washed with 
a grout, stuccoed, tooled or chemically treated. Mineral 
_ colors not over 10% by volume can be used. A\% in. finish 
} (never less) can be applied to a structural floor by means 

of a joint made by scrubbing the floor with acid. Cork 


floats are used in rubbing walls. 

: Maximum Span for Ceiling Joists—({ Kidder. ) 

: Total Load, 20 pounds per square foot: 

: . © © 

| plealed|é 

_ ‘Sizeot | §2 3 3 Sars | Meee |e 

. Justs | 33 ar + acs | 2°38 | & 

i Ins. | Ft. Ins.| Ft. Ins.| Ft. Ins.| Ft. Ins. | Ft. fms 

os ee Se 12 9 3 9 5 1 11 
oe RD A a 8 5 8 6 1 9 10 1 
OD Fea e 12 14 0 |14 1 | 15 1 | a, eos = 
Bx6, sts0ivs' 16 12 8 }12 10 )13 8 | 14 2315 2 
ee beaadcases 12 18 8 }|18 10 | 20 1 | 20 9 |22 4 
ORR 16 17 0 j1 2 )1 4/18 11 |20 5 
2.8 fitvr Fe er | la. 2) a. dO.) Sa 0 )17 6 (18 10 

Total Load, 24 pounds per square foot. 
2x10...... 12 22 0 {22 2 {23 8 | 24 5 126 4 
0 ae 16 20 0 | 20 2 | 21 7 | 22 8 | 23 10 
2x10......... 20 18 6 |} 18 8 | 20 0 | 20 7 22:3 
REID a chua sw 12 26 5 | 26 8 | 28 5 | 29 4/31 7 
a) Bere 16 24 0 | 24 2 125 10.126...8 }28.8 
a faba set 22 3 | 22 5 | 24 0 | 24 8 |}26-8 
CRACKS—SHRINKAGE. 


Cracks are due to the cement being unsound, concrete 
setting in air, mortar flushed to the surface by troweling, 
and changes in temperature. When large areas are con- 
sidered, contraction joints should be provided. Concrete 

_ thoroughly reinforced with metal can elongate .0018 before 
it cracks, or a fall of temperature of 250 deg. Concrete 
at 200 Ib. in tension and elastic limit of steel at 55,000 Ib. 

_ then the area of steel required would be 1-275 of the num- 
ber of square inches in the wall, 
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“ER effictent of expansion of concrete as determined by, 
Prof. William D. Pence, University of Purdue. 


Results of Experiments Made by Prof. Wm. D. Pence, 
Perdue University, to Determine Coefficient of 
Expansion of Portland Cement Mortar. 


3 g 
g S| 
S 5 5 & 
Proportions of Concrete ¥ 5 § s 
; A o 
x = > 
7. = 5 < 
1:2:4 Broken stone 7 0.0000057 | 0.0000052 | 0.0000055 
1:2:4 Shingle 5 0.0000055 | 0.0000052 | 0.00000535 


Coefficient of expansion of wrought iron is 0.0000068. 

Coefficient of expansion of steel is 0.0000067. 

Concrete in tension is more variable than concrete in 
compression. This is due to the adhesion between the 
cement and the aggregate. 

Well made concrete of 1:2:4 mix at the age of 1 month 
runs from 2,000 to 4,000 lb. per sq. in. when tested in the 
form of 4 in. cubes. 1:1:3 cinder cubes, 1,000 lb. A work- 
ing value ranges from 500 to 750 Ib. per sq. in. 

Prof. Hatt found concrete to be able to stand 300 lb. per 
sq. in. in tension. In reinforced work the tension of the 
concrete is neglected. 

Shear of concrete can be figured from 50 to 65 lb. per 
sq. in. This is lower than that given by Feret; it is 
about what M. Considere gives. 

Prof. Bach obtained the following table from the equa- 

Ey 
~ p(nm—l) 
tailed description.) 

A mortar of 1:1% has the greatest strength. Table on 
page 28. 


tion E, (See Marsh, Page 225, for de- 
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Coefficients for First Loading of Concrete.—(Marsh. ) 
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P 

Tee ee Age Days Coefficient 
1:2,1:3and 1:4 720 to 729 5.15X106 
1:2:2 and 1:2 239 3 .50X106 to 2.92106 
1:2:2 and 1:2:3 192 to 208 2.35X108 
1:2:2—1:2:3 and 1:3 69 to 84 20X108 


Considere advocates 2,700,000 Ib. 


Results Deduced by Prof. Hatt from Tests made at 
Watertown Arsenal on Elasticity of 
Concrete Under Compression. 


of | $4 
Proportions of the 4d) eo 
Concrete ey g ae 
Age Ke a. | 2A, 
ga aa 
3 ® & f= 

Cement | Sand Stone neal oO 
1 “4 4 9 days 1.66x106 1000 | 1944 
1 2 4 8 months | 3.46x106 1000 | 2200 
1 2 4 6months | 4.50x106 1000 3500 
1 3 6 9 days 1.95x106 1000 2308 
1 3 6 3 months | 3.75x106 | 1000 | 2500 
1 8 6 6months | 2.81x106 1000 3500 


These tests made on cylinders 8 in. in diam. and 12 in. 


high show that broken stone concrete has a greater 
than gravel or cinder concrete. 


Lp 


~ eee Mire 
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es varies from 10 to 15, the latter being used in 
c 
calculations. 


Results of Prof. Hatt’s Experiments to Determine 
Elasticity of Concrete. 


Elongation Strength 
Age—Days Et Rupture, | im lbs. 
1partin’ |Per sq. in. 
BG silrse vcecvacis sevedeces] 2.7108 11660 300 
BB; wats bint Wee s sek 2.4x106 8750 305 
RS i a a nga aa eek a 2 1.4x10° 4400 360 
RSMAS a gay) tee ones 1.9x10® 7700 280 
MUVOERBO 22s. Ee cae oe 2.1x108 7000 311 


The. adhesion of concrete to the steel can be taken at 
300 Ib. per sq. in. Prof. Hatt made the following de- 
terminations: 


Results of Prof. Hatt’s Adhesion Tests of Concrete 


and Tron. 
& 
3 3 53 
| a “Adhesion” in Pounds per 
> x) e- Square Inch of Surface 
Fi o. 3 in Contact 
2 | a> | SP 
go | SQ | 88 
Be | gs eo 
= < & Maximum | Minimum | Average 
7-16 82 72 735 470 636 
54 35 76 780 714 756 
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Prof. Talbot made 32 tests. 
Prof. Talbot’s Tests on Resistance of Bars. 


| 
5 
Plain 5 Remarks 
s 
' 
Maximum 360 639 | All Plain rods pulled out 
Pounds in nocase resisting beyond 
per the elastic limit of the 
square Minimum 174 298 | metal. The Johnson bars 
inch of did not slip, but in every 
surface case the concrete split or 


Average 281 484 | broke before failure. 


Prof. W. H. Warren, Sidney University. See table page 31. 
It seems well to use bars slightly rusted. 
COLUMNS. 


Concrete columns unreinforced or reinforced with longi- 
tudinal rods only will break suddenly with very slight de- 
formation. Failures occur in hooped columns when the 
deformation amounts to a value as high as 3% of the 
original length. A plain column does not give a warning 
of its failure; a reinforced one does by beginning to flake. 
The resistance of hooped concrete can be considered con- 
stant after it has reached a maximum, The elastic limit 
is raised when a load is placed on a hooped column. 
Hoops, according to Considere, begin to act when the 
longitudinal bars have passed their elastic limit and al- 
most reached their ultimate strength. 

Concrete elongates under water and contracts in air, 
according to the following deductions of Considere. (For 
detailed description, see Marsh.) Tables on page 32. 

The deformation is less for reinforced than for plain 
prisms. The metal contracted when in air and the con- 
crete just the reverse. 

SLABS. 


Slabs fail generally by the cracking of the concrete on 
the tension side and slipping of reinforcement through the 
concrete caused by the rods stretching locally. With ex- 
panded metal both fail at the same time. The compres- 
sion side begins to flake at failure, 
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BEAMS. 

Rectangular beams fail by cracking on the tension side, 
the diagonal tensile stresses being more marked near 
supports. The neutral axis rising changes the original 
compressive stresses to tensile and finally a flaking of the 
upper portion of the beam takes place. Shearing stresseg 
will, however, sometimes cause the cracks to have an 
inclination from the supports to the center of the beam. 
The proper placing of U’s to take the shearing stresses 
not taken by bent bars and concrete will prevent this. 


In T beams 
M, re Bh? . 
Vy =cy,b[hA—a] 
M,-=Moment of Resistance 
V, “= Resistance to Shear 


For discussion of beams see Buel & Hill, Taylor & 
Thompson, and Marsh. 

FOR REFERENCE. 

Diameter multiplied by 3.1416 equals circumference. 

Circumference multiplied by .3183 equals diameter. 

Radius multiplied by 6.2831 equals circumference. 

Square of the diameter multiplied by .7854 equals area. 

Diameter multiplied by .8862 equals side of equal square. 

Area of a rectangle equals length multiplied by breadth. 

Doubling the diameter of a circle increases its area 
four times. 

Side of a square multiplied by 1.128 equals diameter of 
circle of equal area. 

a cane of a sphere equals square of diameter multiplied 

y 

Area of a trsengie equals base multiplied by one-half 
the altitude. 

Area of a kotor of a circle equals one-half the length 
of the are multiplied by the radius of the circle. 

1 cu. ft. of water weighs 62 1-3 lb. and contains 7% gals. 

1 gal. of water (U. S. Standard) weighs 8 1-3 Ib. 

To find the capacity (U. S. gallons) of cylindrical tanks, 
square the diameter expressed in inches, multiply by the 
length and by .0034. 

The pressure of still water in Ib. per sq. in. against the 
sides of any pipe, channel or vessel of any shape whatever 
is due solely to the ‘“‘head’’ or height of the level surface 
of the water above the point at which the pressure is 


considered, and is equal to .43302 Ib. per sq. in. or 62. 856 


lb. pér sq. ft. for every foot of head. 


34 


THINGS TO KNOW. 


(1) The tensile value of concrete is about 1-10 the 
compressive value. Tetmajir’s formula: 


Compressive Strength. 
8.64+4-1.8 log. of age in mo, 
(2) Concrete in mass is 1-50 the cost of steel, and 


reinforced concrete about 1-30, volume for volume. 

(3) Steel will support 10 times the load on concrete 
when the same sectional area is considered. 

(4) The cost of concrete in compression is 6-10 that 
of steel 1, on the average. This is approximate. 

(5) By properly mixing the sizes of broken stone or 
gravel the voids can be reduced 20%. 

(6) Compressive strength of concrete depends on the. 
Sa pata of cement to sand in the mortar. (See page 


7 fr 


These can be found by Thachers formulae: 


Volume of sand 
7 day old equals 1800-200 (¢ ) 
Volume of cement 


1 mo. old equals 3100-350 
3 mo. old equals 3820-460 + 
6 mo. old equals 4900-600 7 


pia ene Compressive Strength of Concrete as Determined 
by Thacher’s Formulas. 


Age 
Mixture . # 
7 days 1 month 3 months 6 months 

» Es Cie 1600 2750 3360 4300 
2) 334 1400 2400 2900 3700 
1:24 :5 1300 2225 2670 3400 
1:3 36 1200 2050 2440 8100 
1:3%:7 1100 1875 2210 2800 
1:4. 38 1000 1700 1980 
1,5 :10 800 1350 1520 1900 
1.6 :12 600 1000 1060 1300 
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Compressive Strength of Concrete as Determined by Tests 
Made at Watertown Arsenal in 1899. 


Compressive Strength lb. per sq in. 
Brand of Cement 
7days | 1 mo. 3 mo. 6 mo. 
Mixture 1:2:4— 
DTI Cited ons oc ee R NES) woe de 1387 2428 2966 8953 
MIDUA, oo 50 02S Udi kj s idee / 904 2420 3123 4411 
Germania ..... 2.2... 6.00508 2919 2642 3082 3643 
7 RA ere $b Seb o~e aes 1592 2269 2608 3612 
PVOCERCs 5c cavisdis: cee 1525 2440 2944 3904 
Mixture 1:3:6— 
ME os ho Jn btn acack cone a’ 1050 1816 2538 8170 
DADE... 32. Covi e7). 54k 2120 2750 
Gortianis 0060.6... 2S 1550 2174 2486 2930 
Bec huecbddedscheveboke 1438 2114 2349 3026 
AVOREEC so ss66 0865 6 Fees 1232 2063 2432 2969 
Mixture 1:6:12— 
tit PS? Spree ee lez. << 594 1090 1201 |. 1583 
yl SS ay ae ‘ She 564 1218 1257 1582 
Germania ................ Wk 759 987 963 815 
BOGOR. oc co dCTS 2.6. da 417 873 844 1323 
ees Sake 583 1042 1066 1313 


(7) That the modulus of elasticity of concrete can be 
taken at 3,000,00v if a 1:2:4 mivture is considered. See 
tables on pages 36 and 37. 

(8) That the adhesion between metal and concrete has 
run from 500 to 700 Ib. per sq. in., making a working 
value of 100 to 140 Ib. 


(9) That when we say ———]5 


we mean that the concrete wili be deformed 15 times as 
much as the steel if the same intensity per square inch 
of material is obtained, 
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Modulus of Elasticity of Concrete as Determined by Tests 
Made at Watertown Arsenal in 1899. 


Modulus of Elasticity Between Loads 
of 100 to 600 
Brand of Cement 
7 days 1 month | 3 months | 6 months 
Mixture 1:2:4— 
BATS sshsie dalek ok isc 2778000 3125000 4167000 3125000 
ATG 556 60 Shs sins batted 2083000 4167000 3125000 
Germania ........... 2500000 | ......- 3571000 4167000 
Alsen ...... ee ee 2500000 2778000 2778000 4167000 
Average......... 2592000 2662000 3670000 3646000 
Mixture 1:3 :6— 
Atigs 52 Aw 1677000 8125000 8571000 
BUR. ob ss eas as dain) wcndocs 2083000 3571000 4167000 
Germania,........... 2273000 2778000 
Or sib aetclie seen eee 1667000 2273000 2778000 8571000 
Average......... 1869000 2438000 2976000 8608000 
Miz. 1 6: 1 2— 
yD a ee es ee pee J Me } Fae 1316000 1136000 1786000 
Alpha....... “ARR OE 5 aE ee, 1667000 1786000 1 
Germania Jse0.05 24 6S 961000 1786000 
et PEP PACES Cet | SRT Eb 1562000 1562000 1786000 
PO OE A Ee 1376000 1642000 1820000 


(10) That the coefficient of expansion of concrete 
varies from 0.00000545 to 0.0000067 per deg. F. and that of 
steel 0.00000617 to 0.00000676. 


(11) Invisible cracks appear in the concrete when the 
ultimate strength of the concrete in tension is reached. 
(12) That the moment in a beam varies with the fol- 
lowing variations in loading, as contained in Buel & Hill’s 
formulae: 
For a beam supported at both ends and loaded 
at the center with a load W..... weccccvees M=Wl-4 
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Moduli of Elasticity of Concrete as Determined by 
Formulae Deducted from Watertown Tests. 


Age 
Mixture 
“| Tdays 1 month 3 months 6 months 
$22.38 2600000 2900000 3600000 8600000 
1:2 :4 2600000 2600000 - 3600000 8600000 
1:2% :5 2250000 2450000 3350000 3600000 
1:8° 26 1900000 2300000 3100000 3360000 
1:34 3:7 1550000 2150000 2850000 3300000 
1:4 38 1200000 2000000 2600000 3000000 
1:5 :10 500000 1700000 2100000 2400000 
SO. SBR Ry ne a. 1400000 1600000 1800000 
For a beam supported at both ends and uni- 
DORMIIG JOUGEE os oats sc sendin OE ad We cate eae M=—WI-8 
For a beam fixed at one end and loaded at the 
COROT We ICte er HEE Ws a oon lieacae&.o 8 0.50 ace M—WI 
For a beam fixed at one end, unsupported ‘at the 
other, and uniformly Wade wee ce M=—WI+8 
For a beam fixed at one end and supported at 
the other and loaded at the center........ M—3WI+16 
For a beam fixed at both ends and loaded uni- 
FORGE cc bwiedh < wend = cbab ace cwarligdas ond M—WI+-12 
For a beam fixed at both ends and loaded at 
Che Combe. 4 ode Ps Lew od Pee hius M—WI-8 


For a beam supported at both ends and loaded 
with a single load, W, distant M inches from 
one end and nm inches from the other end...M — Wmn+l 


Any two loads, W, and We, m inches apart, c to c 
W, being equal to or greater than Ws, will produce the 
maximum bending moment when the distance from W, to 
the nearest support is 


» ‘Ut l—m Wm 
m inches= 2 “IW tw, 
and the reaction at the opposite support will be 
=[ W n+ W ,(m-+n))+7 
and the maximum moment 1/=A[/—(m-+2) ] 
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(13) Whenever designing a beam and using a T sec- 
tion do not deviate more than 1-6 the clear span on either 
side of the slab for your compression, and then the floor 
steel should be transverse to the beam. Do not exceed 
one-half the distance between beams. 

(14) Do not specify high carbon steel. It is likely to 
crack in bending, or being heated have a section of weak- 
ness. 

(15) That we may consider 60 ib. per sq. in. a safe 
value to use for shear of concrete. 

(16) That the concrete takes a value of shear equal to 
the breadth of beam times the effective depth of the 


eam. 
(17) That longitudinal shear between steel and con- 


crete is expressed by (//— 7 
V—total vertical shear at the section given. 
M=—no. of bars. 
o — periphery of bar.. 
q’— effective depth. 
vU’— bond developed per eit area of surface of bar. 
When the bars are bent up the value of q’ varies. 
For detailed discussion see Buel & Hill, page 74. 
(18) The distance from center of rods to edge of beam 
should not be less than 2 diameters of the rod. 
(19 The maximum diagonal tensile unit stress is 


1 
t= -ym* ++ s?ty2 (See Merriman 1905). 


s horizontal tensile stress in concrete. 
v =horizontal or vertical shearing unit stress. 
The direction of the maximum diagonal tension is 


represented by one-half the angle whose cotangent is rs 
if there is no tension in the concrete t—v. 

(20) According to M. Considere the percentage of 
steel to use for static loads is 2.5; for moving loads, 1.2. 

(20) That’the advantages of reinforcing arches are the 
following, as given in Buel & Hill’s Reinforced Concrete: 

“Almost at the beginning of his work in reinforced con- 
crete, Mr. Thacher perceived that the shearing stresses 
in an arch were practically negligible, and that, there- 
fore, the web of the Melan ribs could safely be omitted 
with a considerable saving in metal. He secured a patent 
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embodying this principle, and at the present time more 
Thacher arches are being built in America than any other 
one kind. 

The advantages gained by reinforcing concrete arches 
with steel are: 

(1) In long spans the thickness of the ring can be 
made very much less, thus reducing the dead load and 
rapier se a saving of 50 per cent or more in the cost of 

e ring. 

(2) The load being reduced, the thrust is correspond- 
ingly less, and the abutments may be very much smaller. 

(3) Reinforced with steel, the working unit stresses in 
gy can be considerably increased with perfect 
safety. 

(4) The danger of cracks occurring from any cause 
can be prevented by the proper distribution of the re- 
inforcing metal. 

(5) Arch rings of such forms and proportions that the 
bending moments would render them impossible with any 
ordinary masonry, can be, and have been, constructed of 
reinforced concrete both easily and successfully. 

(6) Much longer spans are practical for any given set 
of conditions than could be seriously considered with any 
other class of masonry.” 

(21) That it is cheaper to build a | shaped retaining 
wall properly reinforced than a solid concrete or counter- 
fort wall. 

(22) Lay sheeting horizontal; use from % to 2 in. 
stock and studding placed 2 ft. o. c. for % in. and 5 o. ec. 
for 2 in. sheeting. 

(23) Keep cement from getting wet or being in a moist 
atmosphere. 

(24) Four men ought to mix and wheel 10% batches of 
1:2%:5 mix consisting of 4 bags Portland cement, 9.5 cu. 
ft. sand and 19 cu. ft. of stone—50 ft. in 10 hours. 


Safe Strength of Portland Cement Concrete in Direct 
Compression.—( Taylor & Thompson.) 


Pounds per Tons nay 
sq. in sq. ft. 


Proportions 
:2:4 eee eee eenenene eee eee eee een eee eee ee eee ee 410 29 
33358 katiivs Vasdabtouseate aw adenadedesé By% 360 25 
SBE i FiSsc Si Fivcskacbbdibesthadkecderdtes 325 23 
S826 stusse | aileeiaeuath tus gavalerdvqakehen 260 18 


With a large mass foundation take values one-eighth greater. 
With a vibrating or pounding load take one-half these values, 
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(25) The table on page 39, from Taylor & Thompson is 
safe for the strength of Portland cement concrete in direct 
compression. 

(26) That Taylor & Thompson discuss the choice of 
mixture relative to cost on pages 48, 44 and 45, and give 
the tables on pages 41 and 42 following. 

(27) That various cements are composed of the follow- 
ing ingredients. Table on page 43. 

(28) hat fine grinding makes a cement which is 
stronger tested with sand; weaker neat; quicker setting; 
produces larger volume of paste, and is less affected by 
free lime. Tables on pages 44, 45 and 46. 

(29) That the quantity of water for cement pastes can 
be deduced from Feret’s formula: 

Plastic Mortars. 


TRE os 
We= "3 541. 160 
Dry Mortars. 


2 r 
Wo= 3 41 145 


W=percentage of water for mortar in terms of weight 
of the mixture of dry materials. 

P=percentage of water required for neat cement of 
normal consistency. 

S—parts of sand by weight to 1 part cement. 

(30) The setting of cements can be tested by means 
of a wire 1-12 in. in diam. loaded to 4% Ib. by observing 
when the same is supported without leaving an indenta- 
tion. (See Taylor & Thompson). 

(31) If a Portland cement passes the boiling test its 
ultimate soundness is assured. 


DESIGN. 

In design the following working stresses can be taken 
with safety if the conditions here specified are observed 
when the concrete is placed. 

(1) That the cement has passed the specifications of 
the American Society for Testing Materials. (See page 114 
for complete specifications). 

(2) That the sand is clean and sharp and does not 
contain loam exceeding 10% of the total volume. 

(3) That the stone is a durable crushed stone or 
equally good gravel. 

(4) That these are mixed in the proportion of 1:2:4 
by volume, 


“Prices or PorTLAND CEMENT TO PRODUCE MORTAR OR CONCRETE OF 
Equa Cost TO THAT FROM NATURAL CEMENT AT $1.00 
PER BARREL.—( Taylor & Thompson.) 


z Fs 
E Proportions of Portland Cement z g Proportions of Portland 
RS b Mortar Zz? ment Concrete 
SE Sé 
as 2S 
rote S 
’ oe Se : 
Ss 8 1:11 1:1% | 1:2 | 1:2% | 1:3 | 1:3% | 1:4 ¥ 8 1:2:4 | 1:24 :5 | 1:3:6 | 1:4:8 | 1:5:10 
‘i BE ag 
C oO 
Eo lgi¢isi|¢i¢|s |e] £ | s lcs |-s 18] 
1:1 |100] 123/146] 169/192] 215/238] 1:2:4 | 100] 115 | 132] 167) 201 
1:14 100/118] 187)1&5| 174/192] 1:24:5 100 | 114] 144] 172 
1:2 10v} 115)180|] 146)1 61) 1:3:6 100} 126; 151 
1;2% 100/};113)] 126/139 
1:3 100; 112)|123 


pg 
cost by the figures in the table to obtain approximate corresponding cost of Portland 
cement with which it iscompared. Values make no allowance for difference in strength or 
labor of laying mortar. : 


a ee ee ee 


RELATIVE ECONOMY OF DIFFERENT PRICED PORTLAND CEMENTS.—( D. M. Andrews.) 
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u 
~ |$2 
Time =) S ~ 
. of Tensile Strength 4.1432 
Setting t% |eao 
r=] a 
a 
3 Fineness #.1 9x 
4 D $| os 
it Dn ° be are) 
alg £S|£] Remarks 
o| & a S| Neat 1:3 Mortar =a ES . 
car 3 z =| 5 22) a5 
ean WS S| ee aha 
wn Fy £ 
~ Pe voiced 2] n n n n n 
S| | 8 {s8/8Fl 2] 2) 8] BB) es] B) 8) Ble 
S = 3 Salem oe 5 s ois — = i rs so 
Zz roe AZ IG mim) .|/ &) S$} .1 8} & S S 
1 | $2 77 | 100.0 | 93.3 | 87.6] 2 8 324 | 437/ 430} 66) 128| 168) 79.7} 79.7 
2 279| 99.3] 99.3 |87.3| 8F | 8b | 282/429) 468) 62)| 103| 124; 59.1) 58.7 
3 2 82 | 98.2 | 98.2 |89.7) 2 8% | 272) 373] 431) 35) 65 7} 41.2) 40.5 Air pat 
4 2 82} 98.2 |100.0 |99.6) 5 9% | 869} 460} 564) 144/ 184) 209| 99.4) 97.7 | eracke very 
5t | 289] 95.8] 99.0 |86.2| 7% | 7% | 449} 543 | 631) 114] 175| 210} 100 0| 95.8 slightly 
6 | 290] 95.5 | 94.6 |77.0] 4 614 | 150 | 227| 264| 25| 57| 90|] 428/409 Lumpy and 
7 293] 94.5 /109.0 |90.0| 4 8 440 | 588 | 568 | 127 | 156 | 202; 96 2| 909 gritty on 
8 302] 91.7 | 99.5 |89.4) 2% |7 418 | 476} 561) 89) 134| 174) 82 4| 756 mixin 
9 305] 90.8 | 98.5 |91.2| 3!4 | 744 | 4 6| 518 | 502) 93) 126| 144/ 68 2) 62 0 Pats cracked 
10 329 | 84.2 | 99.4 |92.7| 2% | 5 865 | 496 | 573) 78) 117/141) 67.1) 56.5 slightly 


ne 
¢Cement not yet set. §Based on the highest. No. 5, as 100.0. 


TyPicAL ANALYSIS OF CeMENTS—(Taylor & Thompson.) 


pee ay Natural Cement nee 
American | Eng. French | 
: & 
% “s 3 
> = © © 
ae} 8 5 | & E 
= 8 ae ® © 8 3 ne) 
Pa tod || ile ele |3 4 
| é- a | * Sor whe 
: gee] olde} dle le] aiil s 18 
46/88) ga | 23 E gi/e 18 |B] a 
as-is = > booted -tee lieth 
Silica Si Os 21.31 | 21.93] 18.38 | 20.42) 25.48| 22.60) 26.5) 28.95 | 21.70 1.08 | 1.12 
Alumina Alz Os 6.89) 5.98 5.2 4.76| 10.30} 8.90; 2.5/ 11.40] 8.19 in 0.68 
Iron Oxide Fe2Os | 2.53| 2.95|(25: 3.40| 7.44] 5.80| 1.5] 0.54! 0.66| (2° 
Calcium Oxide Ca O | 62.89! 62.92 85.84 | 46.64) 44.54) 52.69) 63.0] 50.29! 60.70| 97.02 |58.51 
Magnesian Ox. MgO 7 2.64/ 1.10] 14.02 | 12.00} 2.92| 1.15! 1.0| 2.96] 0.85 0.68 |39.49 
Sulphuric Acid S Os | 1.34) 1.54] 0.93 2.57} 2.61) 3.25) 0.5] 1.87] 0.60 
Loss on Ignition 1.39} 2.91 8.73 6.75| 3.68) 6.11 5.0] 3.39] 12.20 
Other constituents 0.75 11.46 8.74| 1.46 0.30} 0.10 
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RECOMMENDED Am. Soc. C. E.—AMERICAN StEvES—(Taylor & Thompson.) 


U. 8. Standard Metric Equivalents 
Meshes Meshes Diam. bab sn Diam. Width 
Mio. per per ot of nes ms op, of of 
inear uare wire, nings, wire, | openings, 
sieve | “inch neh fhrhes’| inghea P25 fete mm mm. 
100 100 10000 0.0045 0.0045 1550 0.114 0.140 
200 200 40000 0.0024 0.0026 6200 0.061 0.066 
FRENCH SIEVES. 
French Standard ~ English Equivalents 
Diam Width Meshes Meshes Diam Width 
—— se a of of eet per of of 
wire, openings, near uare wire, openings, 
cm: Oi. Cl mm mm vai inch neh inches nches 
18 324 0 20 0.36 46 2120 0.0078 0.0124 
380 909 0.15 0.18 76 5780 0.0059 0.0071 
70 4900 0.05 0.09 178 31680 0.0020 0.0035 


EFFECT OF REGRINDING COARSE PARTICLES AND OF SUBSTITUTING SAND. 


(David D. Butler.) ‘ 
bs Tensile strength in pounds per square inch 
eae g 
Sp — 
Sok 5 
g7 A —B 
I £ 
Cement. gc > 1 part cement to8 
’ — 
how treated ae FG 8 Neat cement = — parts sand 
wT fe a 
» ; aD 
2 A 
2 18.) .| | 2/2/2|-/2l4l4l2 
90} 76 |50 |2Slas| b| 3) 818/818) 51/8181 8 
SRISE) S| S]} aa) Sl siciale 
As received,......... 83.7|15.5| 4.6) 13] 90 | 504 | 580| 641 702 717 | 194 | 262} 354 | 404 | 421 
Reground ,.......... 1.3| @.0| 0.0 7 41 
Sand substituted for 2] 20 | 497 | 478 518 | 489) 504 | 326 1| 531) 591} 618 
coarse particles... 414 | 480 | 606 | 660} 702 | 164 | 217| 290| 354 | 387 
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Tensile Strength of Mortar Affected by Fineness of 
Cement.—(Eliot C. Clarke.) 


Portland Cement Rosendale Cement 
- Strength in Pounds ies Strength in Pounds 
= per square inch = per square inch 
mM mM 
8 Kes Sq $ . 
2 | 2B so |e | BS a2 / 
S| ae Pe S| 8 6 
g ~ © \248 B 5 8 3A 
e 2% se C 23 © 
te aes GLa Mea Be 28 
5 CS, oi =| eS Bg 
° z ° oo 
FS be & Sie |2 4 OSf EE 
5 Som mon | & Sax oge 
B Bes OHS 8 pam 25.0 
2 B88 saz | 2 e$e Rein 
a 6 ay a 5 & 
1:0 ANZ 304 1:0 98 92 
1:3 105 180 1:14 29 41 
1:5 68 96 1:2 16 25 


(5) That the forms will permit no settling, thus pre- 
venting the breaking of the adhesion between the cement 
and steel. 

(6) That the steel is placed in the prescribed position. 

(7) That the forms are*not removed in less than 10 
days and the bottoms of beams and girders and shoring 
underneath in not less than 4 weeks. In very long girders 
and thick slabs, not less than 6 weeks. 

(8) Make the material as homogeneous as possible. 

(9) Use 30 to 50 diameters to develop the grip of the 
bar, and if not able to do so, hook the bar at ends with a 
6 in. hook. 

(10) Always see that the shear is provided for when 
concentrated loads occur. 

(11) See that you have enough area in compression, 
and if not, add steel and inverted U’s. 
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(12) Always provide steel for negative bending 
moment. 


(13) Provide shrinkage bars around all openings and 
in all concrete place steel for shrinkage equal to 1-275 of 
the total area per sq. ft. 

(14) Try to use bars not larger than one inch, as too 
large bars do not distribute the stresses through the con- 
crete as well as small bars. 

(15) In designing high buildings be sure to investigate 
for wind bracing. 


STRESSES. 
. Ey 
W a 


Concrete: Compression — 600 Ib. per sq. in. in columns. 
Diagonal Tension 60 Ib. per sq. in. in 
Compression, average 300 lb. per sq. in. in beams. 
Steel: Patented or twisted bar: 
Tension — 20,000 lb. per sq. in. 
Shear — 12,000 Ib. 
Compression — 10,000 Ib. per sq. in. (round bars). 
The neutral axis of a reinforced concrete slab can be 
found from the following: 


x 


FiO wa ABEL 


; —s 


d—thickness of s!ab. 

c—distance center of steel to bottom of slab. 
@#—distance from top of slab to the neutral axis. 
N-N=neutral axis. 


The total compressive stresses are applied at a point > 


below the top of the slab. In all computations slabs are 
generally figured for a width of b—12 in. 


The maximum intensity of stress in tension is Ss 
in lb. per sq. in. 
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» The maximum intensity of stress in compression is J é 
in Ib. per sq. in. 
The total area of steel required per 12 in. of breadth is 


As 
The total compression = ¢= Peo, 


The total tension = 7=4,./, 


The total compressive stresses are equal to the total 
tensile stresses and as the tensile value of the concrete 
is neglected C—T. 


b } 
peat ae — —,_ —=4;.fs (1) 


According to the sitive of elasticity the relative deforma- 
tions on a fiber depend on the distance that fiber is from 
the neutral avis. Then, representing the unit elongation 
of the street in tension by tt, and the unit compres- 


sion of the extreme fiber of the concrete by D. we get 


De : inde : (d—e—x) (2) 
A 
But D- = fe ‘ud Ds: ft De: an 


oA 
Substituting in (2) oA, swe: E : (d—e—zx) 
¥ 2fs . As (d—e—Zx) ‘SS x.)s 
vind 6.x%.£¢ ra Es 


Es 2A; .(d—e—x) x? 
=> d =; 
c 
2A;n.x 2Asn 
sid ac Alge 


ve [ee] 


This equates to +=1,25 As RC os) 1 | (3) 


et 
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pay 78 5 P 
Now if EB 15 ; fe = 600 and /, = 20,000 (Using - 
twisted steel or patented bar.) 


Substitutiag in (2) x: : # : (d—e—x) (4) 


20,090 
and 600: +:: at (d—e—x) 
(d—e) 
mi (5) 


By proper tests ~, aud F can be determined for the 
material to be used and working values of /, and /, 
obtained. These values substituted in (4) will give a 


different value of z. 
To determine the value cf (d—e) substitute the value .of 


(2) in the equation 


<) 2a which if /; as gh Ib. per sq. in, 
fe = '¢ “Sy 
0 (d—e—+) 7 a in. 
3 = 
yO 
96 2 
12. | d—e— | 
3.22 3(3.22) 
8.66 (d—-e)*= M_ « d—e= | 31.0xM 
31.11 3600 WV 8.663600 
ay ee (6) 


Compression=Tension, then fe* . b6=As . fs using 


20,000 Ib. per sq. in. on the steel. 
600.4 X12=A;s . 20,000 - 4, — 3600 asad LE. 
2 | nieces. sch 


bute a 48 Mag = ty Dn esdee 
3.22 3.22 50 
A, =.056 d—e (7) 


Representing the required area of the steel per 12 in. 
of breadth by -/; and that of the bar to be used as A, 
then the spacing of the bars is equal to 


12:..4 
8 
te (8) 


It must be remembered, however, that the spacing of 
the bar must not exceed 2% (d-e). 


In computaing beams as a T section we will consider it 
safe to have b equal to 1-3 the clear span; that is, if the 


15x1? 
3 

In no case should this exceed the distance between beams. 
There are three cases to be considered: 
(1) The neutral axis is within the slab. 


(2) The neutral axis is at the bottom of the slab. 
(3) The neutral axis cuts the web. 


span is 15 feet, then b — =6) 


L 
a es ls 
3 


CASE I. 


t—slab thickness. 
wv — distance to neutral aus. 
d — total height of beam and slab. 


,= width of web. 
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e—distance from bottom of beam. 
to center of steel. 


A, = area steel required. 


fc = compressive value of the concrete 
fs = tensile value of steel. 
es 
= T 
W e 
ae ee 
Kes. “ 
Pi Ak 26(d—r) | 
2) ly Map n.As ee 


(3) fe = ay Wy. (ee +) ' 


(4) 


CASE Il. 
ee same as Case I, substituting value ¢ for that 
of «. 

CASE Ill. 


Generally when the neutral axis falls below the bottom 
of the slab the compressive value of the concrete between 
the bottom of the slab and the neutral axis is neglected. 
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culate 7.2 T=A,.fs andas T=C 


Ke tiJScu =x~—t and fou=fe. sees 


Dy = dex 
de. rads “(@—e—x) and since ao 
Sa Ts a* pea —£ 
x  m(d—e—x) a Fae 
Substituting values for fs; and /cy, in ‘ha following : 
Sc t Sew, z ° b=As Ss 
2 


Ve ° a—t 
we get f- + xe ,t.b=As.n.fce.d —¢—x 
2 x 
and from this 22.6 
a=n.As (d—e)+ 2 
t.0+n.As 
and since e—ya tk. Se +2. feu substituting a value for 
3 Se Weu. cu 
Ae / rE 
yaa— t+ 


2 6(2a—d) 
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Since M=T(d—e-—-«x+y) 
=As.fs (d—e—1r+y) 
aa M 
“Ae =F Cade) 


d—e--x x 
and from fs =n ..fe.——_ fe =Ss “3 —e—2) 


Derivation of formulz for use of T beams is obtained 


thus:— 
ee 
1 
NY a eee ty 
ad-e ay ad 
i | 
4 
De _Ds 
5 28 
I 
Ee t= EO) 
ge Es be 
x Te = E. -AV—a.n 
Lipo A. fu. 
fer aa 
ee and since 7=C. fe = b=As fs 
Ex 2 
; _Se-%.b bx 
F As “re 2.fs oar 
M 


From formula (4) — b.n.(d—e) | n(d—e)) 
rag oe a [eo 3(7- fm 
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2r(n-+-7r) = 
.. a—e= nN. M: 
b.n.fs P= (9) 
n.b 
and A: = pTn): (e—) (10) 


: FLAT PLATES. 
When designing flat plates either square or rectangular, 
use the following formulae: 


Z . uM AA ; 74 
YA 8 's 4]4 
: iia ee 
| pee og Lith 
: 74 4 
Representing FAR re by « and Lae by y 
the following table will be found convenient: 
L rs L 
L. y 1 y % 
1.0 0.500 0.500 1.6 0.867 0.183 
y AES | 0.592 0.408 jay f 0.892 0.108 
1.2 0.675 0.325 1.8 0.912 0.088 
1.3 0.740 0.260 1.9 0.929 0.071 
1.4 0.798 0.202 2.0 0.941 0.059 
1.5 0.835 0.165 


VERTICAL SHEAR IN SLABS. 
The shear is represented by V, area of steel by 4, area 
of concrete by_4 ; then stress in the concrete — 


V 
A, +%.As 


V 


s 
N= =~ and stress in steel = A¢ 
L£- As + n 
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HORIZONTAL SHEAR IN SLABS. 


D.y=V.2¢ 
V 
~ . a . 
ook 
Ft, 2 are, nec 


-—X 7 —e y 


€ 
ksupport 


x 
Substituting for y= a eT 


then representing width of beam by 


V 
A seat ( ete =.) (a) 


in order that the adhesion between the concrete and the 
steel is equal to the shear 


Ve = . x (4) 
u( a @) 


when U is equal to the total perimeter of the steel In b 
inches of width of slab. 
In beams use: 


V 
VH= 6 (d—e—a +9) () 
r b, 
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If the neutral axis falls within the slab formulae and 


can be used by substituting the value Span 


3 
in place of b—12 in. If the neutral axis passes through 
the bottom of the slab, use 61 instead of 3. In most 
cases the figured shear will exceed the safe shear on the 
concrete (65 lb. per sq. in.) 

If the cross-section of a side of a U is a, then the U 
will resist a shear equal to 2.a. 10,000 lb. 

Formula (c) gives the unit horizontal shear in the 
concrete and generally exceeds the safe shearing stress of 
65 lb. per sq. in. By bending up some of the bars at a 
distance 9 from point of support some more of the shear 


( Vmax ~ Vo )Clear span 


can be taken up. By using g— ~ 
= 4 ai Total weight on the beam 
the point of bending up the bars is determined. 

In bending up bars the adhesion of the remaining 
straight bars in the bottom of the beam ‘must be investi- 
gated. Use formula (d) for this. 

In order to facilitate computations in estimating, the 
following table has been prepared, which gives values of 
K for various total loads per foot of beam and different 
effective depths. The table is figured for twisted steel or 
patented bars using 20,000 lb. per sq. in. on the steel. 


wil 

10 
assuming continuous action of the beams. For other 
moments and values of fiber stress in steel use 


The moment used was 


Ww ___ (total load in Ib. per ft.) (12") (Span in feet) 2 
= effective depth Working value of steel 
% ( in inches ) ( in Ib. per sq. in. ) (« ) 


— #—8;9o0r10; Wl=w22 Tables on pages 64, 65 and 

To deterniine the compression, take the area of steel 
required and multiply same by 20,000 Ib. or other fiber 
stress. This gives the total compression. Multiply the 
clear span divided by 3 (if this value does not exceed 
the spacing of beams) by the thickness of your slab, or 
distance to the neutral axis as it passes within the slab. 
This gives the amount of compression the concrete will 
take. If this is less than the total compression, provide 
steel at 10,000 lb. per sq. in. to take the remainder. 


57 
BENDING MOMENTS, DEFLECTIONS AND SHEARS FOR 


BEAMS OF UNIFORM SECTION—(Caméria Steel Co.) 


W=Total load, in 1b., uniformly distributed, includ- 

ing the weight of beam. 
, =Total superimposed or live load, in 1b., uniform-_ 

ly distributed. 

W =Total weight of beam or dead load, in Ib., uni- 
formly distributed. 

P, Py, P», Py=Loads, in lb., concentrated at any 
points, 

M=Total bending moment, in inch-lb. 

My, My=Bending moments, in inch-lb,, due to 
weights WwW, and / respectively. 

/=Moment of Inertia, in inches*. 

/=Length of span, in inches. 

E=M sdulus of elasticity, in lb. per square inch=29,- 
C00.900 for steel. 

lV’; =Total safe load, in 1lb., uniformly distributed, 
including weight of beam=Total safe load of tables. 

The ordinates in diagrams give the bending moments 
for corresponding points on beam. For superimposed 
load only, make W, in formulz equal to zero. 


(1) Beam Supported at Both Ends and Uni- 
formly Loaded. 


Diagram for total load:— 
Draw parabola having 1/= As 


Safe poh Faun load, in 1b., uniformly distributed, 
Ww, =W, —) a . 
Maximum bending moment at middle of beam= 
Wl (Wy+ W,) / 
ea he 8 
Maximum shear at points of support= 
Ww W,+W, 
- oa 2 , 
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Maximum deflection= 
5 Wi, 5 (W,+ W,) & 


384 £4 ~~ 384 £1 
(2) Beam Supported at Both Ends with load » 
PALIN Concentrated at the Middle. 
Qe Diagram for superimposed rs Be 
re 


Draw triangle having 17,= iG 


Diagram for dead load similar to case (!). 
Safe superimposed load, in lb., concentrated, 


W, — W. 
Py = See Haat 
Maximum bending moment at middle of beam= 
Pil We 
~ 4 B.S 
P+ W, 
Maximum shear at points of support=——5 
Pis 5 Wit 


Maximum deflection= 48E7 + 334. 27° 


(3) Beam Fixed at One End, Unsupported at 
the Other and Uniformly Loaded. 


Diagram for total load:— A 
Draw parabola having J/= — 


Safe superimposed load, in lb., uniformly distributed, 
W, 
at ae 
Maximum bending moment at point of support= 
wl (Wi+Wy/ 
} ee 2 , 
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Maximum shear at point ofsupportt= W=W,-+ W’.. 


wis W. W,) £2 
Maximum deflection = 377 = a +. 7 2) Y 


(4) Beam Fixed at One End, and Unsup- 
> ported at the Other, with Load Con- 


me centrated at the Free End. 


> 


eee 
bs 


;-—1——_ _ Diagram for superimposed load:— 


; Draw triangle having 17, =/2/, 
Diagram for dead load similar to case (3). 
Safe superimposed load, in lb., concentrated, 
—4 
pis, 
Maximum bending moment at pe of support= 
Ws 


Pit er ie 
Maximum shear at point of support=? + W,. 


: 2 Pi,+ W, # 
Maximum deflection = 7r a22.” 


(5) Beam Supported at Both Ends with 
: Pt Load Concentrated at any Point. 


Nee 
ul “ 


Diagram for superimposed ee 
a 

Draw triangle having /» = —7-. 
Diagram for dead load similar to case (1). 
Safe superimposed load, in lb., concentrated, 

P oa W; Z2 — 4a W, (/—a) 

a 8aéb . 

Maximum bending moment under load= 
a (2 Pé+- W,l—W,a). 

2/ 


; Pb , W, 
Maximum shear at sup. near @= > + 
Pa. W, 


Maximum shear at sup, near = 7 ++ >: 
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Deflection at ay x from left ene 
2al—a, |; 


az? [ 
W, 2al— a? 328 
[ 22 ah es Cn 3 sara) 


“ 2a/l — a? ; 
t= Na, Distance, from left support, of 


point of maximum deflection for superimposed load. 


(6) Beam Supported at Both Ends with 
Two Symmetrical Loads. 


Diagram for superimposed load:— 
Draw trapezoid having 47, = Pa. 


Diagram for dead load similar to case (1). 
Safe superimposed load, in lb., concentrated, each 


W, 2 — Wil. 
P; a s a 2 
Maximum bending moment at center of beam= 


He Z 
Pa-- 


Maximum shear at points of PereniO 
2P+ W, 
2 . 


Pa 5 W.B 
Maximum deflection = ser! 2__4q? ee re 4 ; 


(7) Beam Supported at Both Ends with 


ge fy 
ASN, Loads Concentrated at Various Points. 


a oO | The total bending moment at any point ! 
produced by all the weights is equal to 
the sum of the moments at that point 

produced by each of the weights separately, 
Diagram for dead load similar to case (1). 


= — Ss wy 


a — ——— _— 


61 
The maximum bending moment occurs at the point 
where the vertical shear equals zero and will be at one 
of the loads ?, ?,, or P, depending upon their amounts 
and spacing if W, is neglected. 
Let R=Reaction at left support. 
Bending moment at P= 
W, a? 
M, p= Ra J. aa0-3 


Bending moment at Pi = 


W,a,? 
Ms ,=Ra, — | Zi sats fe (2,—«) |. 


Bending moment at P,=—M,, = Ra, — 
[aot Palas )+Pa,—2)] 


Shear or reaction at left support= 
PobatPib, + Pb, Ws, 


1 | 2 
* 
Shear or reaction at right support= 


Pia, +Pa,+Pa, Wa, 
1 2 


Diagram for superimposed load:—Draw as in case (5) 
the ordinates FC, GD and HE representing the bend- 
ing moments due to loads P, P, and P, respectively. 
Produce FC to P, making PC=/C+IC-+/C; GD to Q. 
makin Br TATE LD; aud HE to &, making 
RE=f +ME+NE, Join the points 4, P, O, Xk and 
B, then the ordinates between A Band polygon A P 
Q R B will represent the bending moments for corre- 
sponding points on beam. 
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(8) Beam Fixed at Both Ends and Uniformly 
Loaded. 
Diagram for Total Load :—Draw para- 


bola having 47 allt Also AA’ paral- 
lel to base and at a distance J7/’ = 7 : The Vertical 


distances between the ‘parabola and line AA’ are. the 
mcments fer corresponding points on beam. 
Safe superimposed load, in lb., uniformly distributed, 
W’, — W,; — W . 
Distance of points of contra-flexure from supports 
=.21131. 
Maximum bending moment at points of support= 
Wt_CW,+ Wt - 
12 12 
Bending moment at middle of beam= 
Wi_(W,+W,)2. 
24 24 


Maximum shear at points of support= 


(Wwe 
38447 3844/ 


Wi+Ws, 
2 . 


Maximum deflection= 


(9) Beam Fixed at Both Ends With Load 
Concentrated at the Middle. 


Diagram for superimposed load :— 
Draw triangle having M=*t. Also A 


nae 


A' parallel to base and at a distance J/’= The ver- 


tical distances between the triangle and tine A A’ are 
the moments for corresponding points on beam. 


63 
Diagram for dead load similar to case (8). 
Safe superimpused load, in lb., concentrated, Ps = 
Ws; —% W,,. 
Distance of points of contra-flexure from supports=}/. 
Maximum bending moment at ee of supports= 


ee 


Bending moment at middle of Fike a 


Maximum shear at points of support= ate 2. 


eee Wl? 
Maximum deflection= ED, + SET 
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To determine for negative moment find your moment 
at the support and see whether you have enough steel at 
the top to take it. 


To determine vertical shear, take the cross section of 
the beam from top of slab to center of steel. Deduct this 
from the total shear and the remainder of the shear will 
determine how many straight bars at 10,000 lb. per sq. in. 
you must have at the bottom of the beam at supports. 


To determine the horizontal shear, figure what your 
concrete takes per effective depth; then place U’s in each 
effective depth to take the remaining shear. 

In the following examples from the booklet issued by 
the Ransome Machinery Co., (which have been checked) 
are given formulae used in the Ransome System. 


“If the Ransome system is used, the following formulas 
will facilitate the calculations necessary to properly de- 
sign concrete steel structures. In the examples the safe 
strength of the steel is taken from the following table 
which gives a factor of safety of four. For important 
work it is advisable to consult a competent concrete 
engineer. ; 

WALL AND PIER FOOTINGS. 


Plates I and II illustrate the general form and arrange- 
ment of tension bars in our standard wall and pier foot- 


ings. 
FORMULA FOR WALL FOOTINGS. 


We have given in all cases the width of the wall W, the 
load per linear foot L, and the width of the footing Wl. 
The total stress in the tension bars or the total compres- 
sion in the concrete per linear foot is 


in which L equals the total load in tons, P equals the 
projection in inches and D equals the distance in inches 
from the top of the footing to the center of the bars. We 
have two unknown quantities, Stress and D. It is there- 
fore necessary to impose another condition, and it is that 
when the safe compressive strength of the concrete equals 
35 tons per sq. ft. there shall be 16 sq. in. of concrete in 
the area above, the bars for each ton stress or 16 x stress 
= 12 x D from which stress — % D. This condition is 
necessary in order that the concrete shall not be strained 


FST TOFS. 
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PLAN or WALL FOOTING 


Plate I. 
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beyond its safe compressive strength and should be modi- 
fied to suit this strength when the latter does not con- 
form to the value of 35 tons. Substituting this value of 
stress in the above formula and reducing we have D equals 


8x LXP 
21 


Having obtained D from this formula the total stress 
in the bars in tons—=% D. The bars may be placed as 
shown in plan. The size of the bars should be so taken 
that the bars will not be spaced more than 12 in. apart. 
The total height H of the footing should be at least 3 in. 
greater than the depth D. 

Let W=—2 ft., load—20 tons per lin. ft., and safe bearing 
power of soil=2 tons. Then W,=10 ft. and P=4 ft. D 
equals the square root of 


8X20 48 in. 
21 = 19 inches 


And stress = % x 19 — 14.25 tons, requiring % in. square 
bars 4% in. on centers. Their length would be 


P 
W,— 3 =8 ft. 
ll. FORMULA FOR PIER FOOTINGS. 

As in the case for wall footings we have given the di- 
mensions of the supported pier and footing W and W1 and 

the total load carried L. 

Our formula for obtaining the stress in the tension 

nr 


7, 
bars running in each direction is— 
: 3xD 


the square root of 


in which we have as before the two unknown quantities 
stress and D. In order that the concrete may not be 
compressed beyond its safe working strength we impose 


D 
the condition 4XStress=>- X (W-++6) 


DX ( W+6) 
8 


Substituting this value of stress in the above formula 
and reducing we have D equals tue square root of 


from which stress 


SE OL 
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8xLXxXP 
3( W+6) 


Having obtained D by this formula, the total stress in 
tons equals 
WH+ 


g xP 
from which the size and number of bars running in each 
direction can be computed. These bars may be made in 
two lengths as shown on plan, Plate II, the shorter length 
being equal to W+P. The total height H should not be 
less than D + 4 in. 

Let W—16 in. Load—80 tons. Safe bearing power 
of soil — 2 tons. The required area of base of footing is 
40 sq. ft., and the width //1 equals the square root of 40 
—6 ft. 4 in. or 76 in. and P—380 in. 


8x80 30 4 
"3x92 > 17 in. 


D equals the square root of 
The total stress would therefore be ‘* 


22 
“eT, 17 —47 tons 


requiring 9-% in. bars or 19-4 in. bars in each direction. 
These bars should be spaced equally over V”7—D 


The total height H would be D+ 4 in. 
FORMULAS FOR RANSOME FLOORS. 


Ist. Flat Floors: Our general formula for calculating 
the maximum tensile stress or the maximum compressive 
Stress in any beam supported at both ends and uniformly 


LS 
loaded is ings ~ ante Shia 
in which ZL equals total live and dead load supported, in 
tons; S equals span, in inches; and D equals distance 
from top of beam to center of bar, in inches. 
When the beam is not uniformly loaded the formula for 
BMxX8 


maximum stress is Stress= 4p 


in which BM equals maximum bending moment, in inch tons, 
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In order that the compressive stress per linear foot re- 
sulting from a chosen value for D shall not exceed the safe 
compressive strength of the concrete there must be 16 
sq. in. of concrete above the bars for each ton stress or 
16 x stress equals 12 x D; from which stress—=%D. Sub- 
stituting this value’ of stress in the above formula and 


reducing, we have D=square root of 

4xZLxS 

‘ 21 
Having obtained D, the total stress in tons=% D. The 
total thickness of the floor must be % in. greater than D 
if - in. bars are used and % in. greater if % in. bars are 
used. ne 

Assume a flat floor of 10 ft. span loaded with 100 Ib. 
per sq. ft. 

It will be necessary to assume the dead weight of the 
floor guided by experience. We will suppose it to be 60 
lb., making the total load 160 Ib. per sq. ft. The total load 
L on a strip of floor 1 ft. wide would be 


10.160 
oog = .8 ton 
and D would equal the square root of 
4x .8x« 1012 
x * x =4.28 inches. 


The total stress in the bars would equal % x 4.28 — 3.21 
tons, requiring 4% in. bars 2% in. on centers. The total 
thickness would equal 4% in. 

Ribbed Floors: In calculating the dimensions and ten- 
sion bar for ribbed floors we use the general formula 


aS. LS 
Stress= XD 


In order that the concrete in the top member of the floor 
may not be strained beyond its safe compressive strength, 
we make the condition that the upper third of the beam 
including the flat slab connecting the beams shall contain 
at least 5 sq. in. of concrete for each ton stress given by 
the formula. : " 

Assume a ribbed floor of 20 ft. span loaded with 150 lb. 
per sq. ft., to find the dimensions of floor and size of 
tension bar. 


Fe ee gy ye 
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From experience we would assume the weight of the 
floor to be about 50 lb. per sq. ft., making the total load 
per sq. ft. equal to 200 lb. -We would also have to es- 
tablish the spacing of the beams, which in most cases 


_ would preferably be from 36 in. to 48 in. between centers. 


For 36 in. between centers the total load on each beam 
20 36 x 200 
L= 192000 — © tons 
6X 20X12 206 
7 ae >. Digi* 
If we use a i in. bar having a safe tensile strength of 


10 tons, the depth D would equal 20.6 in. The minimum 
thickness for the slab to give the required compressive 


strength would be ome =1,4in. 


and the total stress 


an amount less than it would be advisable to use, prac- 
tical conerretays suggesting a minimum thickness of 
2 or 2% in. 

The slab should be figured as a flat floor spanning from 
beam to beam. 

The width of beam W and total height H depend upon 
the size of the bar and are given in table below. 


Size 
of 


1% in| 2in. 
Bar 


% in.|3% in. | Lin. |1% in.| 1% in. 


in. in. in. in. in. in. in. 
H |p+%|D4+1%|D+%|D+1%| D+ 2%|D+2% |D+3 
W | 1% «12% 3 3% | 4} 5% 6 


If, instead of a 1 in. bar -we should use a 1% in. bar 
having a safe tensile strength of 15.625 tons, the least 
depth D would be 13.2 in., the minimum thickness 7 would be 


15,6255 
SE weg A " 
36. 17in ] 
and the other dimensions would be obtained from the 1% 
in. bar column in the table. 
Where the length of span warrants it, one or more 
stiffening ribs should be formed, at right angles to the 
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resting on top of the beam tension bar. The purpose of 
these ribs is to stiffen the beams laterally, and in case 
of heavy concentrated loading to distribute the stresses 
resulting therefrom over beams adjacent to the load. The 
size of the tension bar will depend upon the number of, 
beams desired to act as a unit, the stiffening rib being 
treated as a beam loaded at the points of intersection 
with the floor beams. 

The stress in a beam supported at one end is four times 
the stress in a beam of same span and loading supported 
at both ends. Hence the formula for cantilever beams 


uniformly loaded*is 
4x ZX P 


Stress= ~ XD 


where P equals projection, in inches. 

The tension bar is placed in the top’ of the beam and 
the portion below the bar must contain at least 16 sq. in. 
of concrete for each ton stress. 

Stirrups or U-bars placed as indicated by Fig. 1, Plate 
III, provide resistance to shearing stresses. 

In addition to those in the beams at each intersection 
of beams and stiffening ribs place a U-bar of the same 
size as those in the beams. Also where a beam or girder 
is supported by a girder, place a U-bar at the intersection 
passing under the tension bars of the supporting girder. 

Instead of U-bars a continuous coil as shown by Fig. 2, 
may be used. All bends for U-bars and coils should be 
made with the longest possible radius to avoid weakening 
the metal. 

Another form of reinforcement against shear is shown 
by Fig. 3 consisting of a number (in this case 4) of small 
tension bars in place of one large one, the ends of which 
are bent up, as shown, at varying distances from the 
point of support. In placing, the bars should be held 
apart by means of small separators sufficiently to allow 
the mortar to work well in between them. 

Any desired combination of the above forms may be 


used.” 
RETAINING WALLS. 

The. following excerpt is made from the booklet of the 
Concrete Steel Retaining Wall Co. on the Bone System of 
retaining wall construction: 

“It is easy to design a reinforced concrete wall of the 
same stability of any example of solid wall that may be 
selected. The heel can be made of sufficient length, so , 
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that the earth on the heel, together with the wall, will be 
just as heavy as the example. The concrete steel beams 
can be made strong enough to resist the same force which 
will not overturn the wall as a whole. But a reinforced 
wall so designed does not get the full benefit of the ad- 


Cove Ley on 
FIGURE 1 P 
P | 
Geter ie 4 
| 
finan re = 
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PLATE Wb. 


vantages which.it has over a gravity wall. So it is better 
to use methods of design which are mewhat different 
from those commonly used for re ing walls. The 
formulas herein given determine the proper dimensions 
which a wall should have to best resist failure, consider- 
ing the probable earth thrust and the bearing power of 
the foundation bed on which the wall is to be built. 
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Earth Thrust: Many complex theories have been de- 
vised to calculate the earth thrust, but the assumptions 
on which these theories are based are so variable and hard 
to determine with accuracy that they give far from prac- 
tical results. However, they are the best at hand, and 
serve to abtain results much better than by direct assump- 
tions. Rankine’s is one of the standard formulas, and 


can be expressed as 
w H, e+) 
2 N\i+sino 


Where 7 equ:ls earth thrust, H equals height of wall, w 
equals weight per cu. ft. of backing x HW and rs) equals 
the angle of repose. What few experiments have been 
made to verify tnese formulas indicate that the actual 
earth thrust under a backing of certain weight and angle 
of repose is about one-half of the calculated value. The 
angle of repose is taken as the smallest angle at which 
the given earth will repose, and is seldom less than 1% 
on 1. This will give the maximum normal earth thrust. 
However, in actual cases the earth will probably repose 
at a steeper angle, due to the cohesion in the earth, and 
the earth thrust will be less. This maximum normal 
thrust can now be multiplied by a factor of safety to get 
the ultimate value. We use a factor of safety of 3 or 4 
for external stresses and 6 to 8 for internal stresses. 
These factors are large, the factors for gravity walls 
seldom being taken over 3. With a more, economical 
structure we can afford to use a larger factor of safety. 

A reinforced wall may fail (1) internally, or (2) ex- 
ternally. It may fail externally (a) by overturning, or 
(b) by sliding forward on the base. 

Silding: To produce sufficient friction between the base 
and the foundation to prevent sliding the heel must be 
made of such a length as to get a sufficient weight of 
soree pron it. This length of heel is expressed by the 
ormula 


T=/(W+wA) or A= 


Where f equals the coefficient of friction, W equals weight 
of wall and w equals weight of one cubic foot of backing, 
multiplied by the height. 


Overturning: The resultant earth thrust is assumed to 
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act at one-third of the height (AH) of the wall from the 
base. The overturning moment then is 


H 


oy inte 


‘ c.g 


H- 5 ated a --++---> 


-f---- tree & = meseece 


ae F 
~ 
Se SE A, Fy Sag Be 


<.- 
x 


To obtain the proper length of the base to resist this 
overturning moment, and to prevent crushing or settle- 
ment of the earth under the toe, 

2(W+wA) M 
= a +Z 
3s (W+wd) 
where L equals distance of the resultant center of gravity 
of the wall and earth on the heel, from the end of the heel, 
and s equals the bearing power of the foundation bed. If 
the foundation bed is Hable to serious settlement, the position 
of P2 under the maximum norma! earth thrust is found, and 
the toe extended until P2 cuts the base in the middle. This 
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“will keep the unit pressure the same all along the base and 
the seitiement uniform. 


Internal Stresses: To prevent internal failure the con- 
crete steel beams are figured by the usual methods of 
concrete steel design. In the inverted T or L type of wall 
the trunk,-the—heel. and the toe are simply cantilever 
beams. The moment on the trunk is produced by the earth 
thrust. The moment on the toe is produced by the re- 
action of the foundation acting upward. This reaction is 
represented by the part of the triangle mno (see Fig.) 
directly under the toe. The moment in the heel is pro- 
duced by the weight of the earth on the heel, the force 
due to friction in the plane aa’ and the reaction, if any, 
on the foundation, acting negatively. This reaction is 
represented by the part of the triangle mno directly under 
the heel. . The distribution of the stresses in the heel and 
toe vary greatly under different loads. So the stresses 
in the base should be considered for the various possible 
loadings. 

Internal Stresses of Counterfort Walls: In counterfort 
walls the counterforts or ribs are reinforced sufficiently 
to carry the load of an entire panel length. The stresses 
caused by the pressures in the face and base must be 
carried from their points of application to the counter- 
forts, by a slab construction. These slabs act as con- 
tinuous beams, and must be reinforced on each side of 
the slab at proper places. The variation of the position 
of the stresses in the base unde different loads necessi- 
tates an analysis of the stresses for all of the possible 
loading. In some parts of the slab the tension may some- 
times be on one side and sometimes on the other, requir- 
ing rods on both sides of the slab, and the pressure may 
be concentrated on one part or it may be distributed. 
The action of continuity which occurs at the juncture of 
the face with the floor slab requires vertical rods in the 
back part of the face slab, continuing down along the top 
of the base. The positions of the shearing stresses under 
the various loads must be determined and resisted. A 
larger factor of safety should be allowed a counterfort 
wall than a T wall, in regard to internal stresses, because 
in a T wall the rods act strictly in series, and, being 
numerous, a defect or failure in one would be of little im« 
portance, while in a counterfort wall a defect in one 
member might endanger the wall for an entire panel 
length. Also, in the thin slabs that are used in counter- 
fort walls a slight displacement in a rod makes consider- 


Pn Pee ae Se 6. ee 
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able difference in the strength of the slab, while an equal 
displacement in a rod of a thicker beam as used in T 


* walls would not make such a difference in its strength. 


The decreased dead load obtained by slab construction 
does not give the advantage to retaining walls that it 
does to floors of buildings or bridges, because the weight 
of the beam itself, in the case of walls, is an aid to 
stability. 


CONCRETE COLUMNS. 


Concrete columns can be designed according to the 
following formula based on the assumption that the load 
is borne by the concrete and steel in a ratio depending 
on the relative moduli of elasticity. Let , 

c1 —total unit compression upon the concrete and steel, 
(i. e., the total load divided by the combined area of 
concrete and steel) in Ibs. per sq. in. 

C—unit compression in concrete in Ibs. per sq. in. 


—ratio of cross-section of steel to total cross-section 
of column. 


E 
r= Z, tatio of moduli of elasticity. 


Then c'=C[(1—p)+79] 
o,—¢ 
Pe, —=¢ (7—1) 


WEIGHTS OF POROUS OR DENSE TERRA COTTA 
PARTITIONS. (Kidder). 


In. in Lb. per 
Thickness. Sq. Ft. 
Ws eles dba'e Lhe oMalee ta ds cxdeme celts debvetsevim tordse 
Mies <' ghia tein om Gos wal ee ot oP er Vee ...13 to 19 
ee EE RL ee Re es, A 20 to 22 
Di-idhekdinden.dnis eb ua a eeae no en cee teehee tall ah es 22 to 23 


33 
Note.—Plaster not included in the above. Will add 
about 10 lb. per sg. ft. for both sides. 


CRUSHING HEIGHT OF BRICK AND STONE. (Kidder). 

If we assume the weight of brick work to be 120 Ib. 
per cu. ft., and that it would commence to crush under 
100 lb. per sq. in., then a wall of uniform thickness would 
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have to be 840 ft. high before the bottom courses would 
CORR EP to crush from the weight of the brickwork 
above. 


Average sandstones at 145 lb. per cu. ft. would require 
a column 5950 ft. high to crush the bottom stones; an 
average granite at 165 lb. per cu. ft. would require a 
column 10,470 ft. high. The Merchants’ shot-tower at 
Baltimore is 246 ft. high, and its base sustains a pres- 
sure of six tons and a half (of 2,240 lb.) per sq. ft. The 
base of the granite pier of Saltash Bridge (by’ Brunel) of ~ 
_ Solid masonry to the height of 96 ft., and supporting the 

ends of two iron spans of 455 ft. each, sustains 9 tons 
and a half per sq. ft. 


WEIGHTS PER SQ. FT. OF ROOF SURFACE. (Kidder). 


Shingles, common, 2% Ib.; 18 in., 3 Ib. 
Slates, 3-16 in. thick, 7% lb.; %4 in. thick, 9.6 Ib. 
Plain tiles or clay shingles, 11 to 14 lb. 
a  eegen tiles, old style, 2 parts, 12 lb.; new style, 1 part, 


Spanish tiles, old style, 2 parts, 19 lb.; new atyle, 1 
part, 8 lb. 


Improved Oriental tiles, 11 Ib. 

Ludowici tile, 8 Ib. 

(For tiles laid in mortar, add 10 Ib. per sq. ft.) 
Copper roofing, sheets, 1% Ib.; tiles, 1% Ib. 


Tin roofing, sheets or shingles, including 1 thickness of 
felt, 1 lb. 


Corrugated iron, ret or galvanized, No. 26, 1 Ib.; 
No. °24, 1.3 Ib.; No. 22, 1.6 lb.; No. 20, 1.9 Ib.; No. 18, 
2.6 Ib.;\ No. 16, 3.3. Ib. 


Standing seam steel roofing, 1 Ib. 

Five ply felt and gravel roof, 6 lb. 

Four ply felt and gravel roof, 5% Ib. 

Three ply ready roofing, (elaterite, ruberoid, asphalt, 
etc.), 0.6 to 1 Ib. 

Skylights with Galvanized iron frame, % in. glass, 4144 

; 5-16 in., 5 Ib.; % in., 6 Ib. 

Sheathing, 1 in. thick, 3 lb. per sq. ft. for white pine, 

spruce or hemlock; 4 lb. for yellow or pitch pine. 


Comparison of Building Laws.—(Kidder.) 


. 


Allowable Pressures in Tons 


per sq. ft. 
‘ 4 
Materials ee g/3\s 2 
. : a) — * ; 
s\é a ge |/ai2 45 
3 | © a ; | 4 
8 i er SO lalm& = B 
Granite, cut eee eee eeeetaeeenee 60 ° 72-172 rRuriu west eeeeee 40 
Marble “eh limestone. cut...| 40 .| 50-165 
Sandstone, hard, cut.......... 30 QB-1IB iwc a cle cen ldcoeed 12 
rm apa y brick. in Port- 
land cement............ cecclesse) 18 | 12% | 15 
Seansned brick in natural 
Sedepethaak oh euaeesee 15; 9 15 Bed PP bh 9 
Hlard-buried brick in Gement 
and lime........... od 1L3¢ [ea .a5 11%] 12 
Hard-burned brick in lime 
eee ee ee ee eeeeeeene 8 6 8 6% ll 8 y 
Pressed brick “in” Portiand 
cement..... woael 12 
ipa —* ‘brick ‘in’ “ natural 1 F 
Rubble. ,Stone ‘in naturall” e 
ceme ee ere eee eeee eeete eeed 5 s ed 10 12 
Dimensioti Stone in founda-|} 
eee eee weer eee * of 6 eee eeere 5-7 eee ee qeer 30 
Soruand cement concrete in \ 
foundations ........... teen's Me. Nias cSolasees 15 | 10 
Natural cement concrete tn 
foundations ..... Pye wetland 8 es Necdcckeh ass 4 
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STRENGTH OF WOODEN BEAMS. (Kidder). 


To use the tables for beams that run less than nominal 
dimensions. In many localities floor joists as carried in 
stock are more or less scant of the nominal dimensions, 
and for such joists a reduction in the safe load must be 
made to correspond to the reduction in size. For beams 
¥% in. scant in both dimensions the safe load may be ob- 
tained by multiplying the safe load as given in the table 
by the following factors: 


For beams 1% in. X 5% in. by 1.6. 
2% in. X 5% in. by 2.52. 
1% in. X 6% in. by 1%. 
2% in. X 6% in. by 2.55. 
1% in. X 7% in. by 1.64. 
2% in. X 7% in. by 2.58. 
1% in. x 9% in. by 1.66. 
2% in. X 9% in. by 2.61. 
1% in. X 11% in. by 1.67. 
2% in. X 11% in. by 2.63. 
1% in. X 13% in. by 1.68. 
2% in. X¥ 13% in. by 2.65. 
1% in. & 14% in. by 1.69. 
2% in. X 14% in. by 2.66. 
1% in. K 15% in. by 1.7. 
2% in. X 15% in. by 2.66. 


MAXIMUM LOAD PER SQ. IN. ON DIFFERENT KINDS 
OF MASONRY FROM BEARING PLATES. (Kidder). 


Kind of Lb. per 
Masonry. sq. in. 
SHELLED -sn'o'nb oe 5% Fae.s é pen clan ceca pein akin at is she 1,000 
Sandstone (best grade)......... reset eRe oY 700 
Sandstone (soft) ......... Wee. + were 400 
Piard . Stone -Hubble, 2s. os e5c ccc cscs cnhedve sabe 150 to 250 
Extra-hard Brickwork in cement mortar........ 150 to 200 
Hard Eastern Brickwork in lime mortar..... Gers 120 
Brickwork (COMMGD) «4 ov6c cheese ivosecccts i 100 
Portland Cement Concreté.........seescecceeess 200 


Band Sor Gravel... ich cc ccced segee cowed evetiures 60 
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Allowable Unit Stresses and Loads in Accordance with 
the Building Laws of Various Cities. 


Pounds per Square Inch 
ALLOWABLE UNIT 
{STRESSES Jor TIMBER— & g 
Tease tt eette es New York = Phila. 3 
3) 
OEM EMO 56.5 oreckceuct 1200 1250 1600 1250 
WME He TSESRERE Ru 800 750 whee 750 
a RS te Se ere 800 750 1100 750 
MOD U seat th. cdeccedcdtakrnetae 1000 1000 . 1000 
SAME Tia ha aikGeondeadaek need 1200 uaa 5 
ee 2 a eee puis 600 . 900 sees 
Chestnut ............5 at aas ap 800 . p> Zee 
WOODEN COLUMNS OR Posts 
WITH FLAT ENDS 
L UL , 
Yellow pine—long leaf ..... 1000-18— | ....|}U0———-| vs 
4s 100D . 
White, Norway pine, spruce! 800-15 — aS P j 
QO ee te vce’: chee the 900-17— ? a 
Chestnut and Hemlock..... 56 >) “4 Ge a 
ust eee eee een re sere eeeee 1% ( = ee. by . 
SHEAR: Yellow pine with fiber 70 100 6634 100 
Yellow pine, across fiber... 500 250 | . 750 
White “ with ah 40 80 awe 80 
" s st Sadat A 250 MGR i eends 
Spruce with fiber......... ve 50 80 50 80 
“*. Sonosg.-*\.. >. ...e.. 320 150 | 500 
Oak, with es ane 100 150 vad 150 
“across oti, Alas sy Ra 600 250 4 oes 
Locust, with “ ....... aS 100 bane aeadd e 
‘) ~ @groees*>>. 2c," k 720 sites : 
Hemlock, with” ........... 40 41 
ee hb Be a 275 41634 
Chestnut, = ie) SRP OPA 150 ener 
vat Allowable compression in lb. per sq. inch and k= ratio 
of length to diameter in inches. 
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Allowable Unit Stresses for Timber Columns in Accord- 
ance with the Building Laws of Boston and Chicago. 


For Posts with FLAT ENDS. 


The stresses given in the following table, in which L=Length 
of post, D= Least diameter of post, and S= Stress per sq. in. 


White Pine and Spruce | Long-Leaf Yellow Pine brah 
L 5 Ti 4 
D D Ss 
0 to 10 625 0 to 15 1000 750 
10 ‘* 35 500 15 ‘** 30 875 650 
35 °° 45 375 30. ‘* 40 750 560 
45 “ 50 250 40 ** 45 625 470 
( 45 50 500 375 


For information not given in these tables, see Complete 
Building Laws of the Various Cities. 


GENERAL RULE FOR THICKNESS OF WALLS. 
(Kidder). 


An approximate rule for mercantile buildings four or 
more stories in height is here given: 

In buildings of brick, such as is used in Boston or 
Chicago, the thickness of the walls should increase from 
the top down in series of 3 stories in the following ratio: 
The top three stories should be 16 in. thick; the next 
series, 20 in.; the next, 24 in.; the next, 28 in. For an 
inferior grade of brick the two upper stories only should 
be 16 in., the succeeding series of three increasing in the 
same ratio as the above. 

In buildings less than 5 stories, a thickness of 12 in. 
for the upper story is allowable. : 

In specifying the thickness of walls the following should 
be kept in mind: First, walls of buildings intended for 
warehouses or mercantile use, should be thicker than 
those of office or apartment buildings; second, thicker 
walls are required for high stories and clear spans ex- 

ceeding 25 ft.; third, the thickness should be ‘increased 


/ 
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4 in. in every 25 ft. exceeding 100; fourth, walls whose 
area is not two times or more greater than the area of 
the openings therein should be increased in thickness; 
fifth, partition walls 60 ft. or less in length may be 4 in. 
less in thickness than the outer wall, but in no case should 
the thickness fall short of 8 in. 

PRICES OF STEEL REINFORCEMENT. 

The cost of steel is based on % in. plain bars, the price 
for smaller bars increasing. The price at the mills in 50 
ton lots is $30 a ton. If Ransome twisted bars, $4 a ton 
should be added for twisting. The Kahn bar, owing to 
its peculiar form, has more metal but does not require 
the bending and placing of stirrups. The manufacturers 
quote prices of various jobs. The cost of putting in steel 
for retaining walls and arches and ordinary construction 
varies from $5 to $8 per ton. In building work it runs up 
to $15 a ton. The prices for the different unit systems 
and special shaped bars can be obtained from the manu- 
Fret edges whose names we will gladly furnish on snpli- 
cation 

COST OF DIFFERENT SIZES OF PLAIN RODS. 

Price in cents per Ib. on basis of 50-ton lots at the mill: 


Size. saeraepye rods, plain. Open Hearth. 
Sige: D 1. Vea eee ees, 1.5 1.65 
& to 11-16 in........... Pe Ard K 1.76 
% to 9-16 in..............265 1.7 1.86 
TadS BBS Se so FS oe FRING 1.9 2.07 
Ce ee Oe A Px ee 2.0 2.18 
Beavis NT AUP a 2.10 2.28 
% to 9-32 in..... eubebetes pede 2.39 


Bids Received for Steel for Concrete Reinforcement— 
Glendive, Montana. 


8.700 Ibs. bars, ; 1 
square, }{-in. $0,016 $0.018 $0.01725 $0.02 $0,016 {*)-O17795 


393,000 lbs. bars, 


1 

Square, %-in. 0.016 0.0:7 0.01725 0,020,015 } 0-017. 
16,450 lbs. bars, b ast 
square, 1-in,, 0.016 0.017 0.01125 0.02 0.015 { 0-173) 
8.940 lbs. bars, peat 
square,1-in. 0.016 0.017 0.01725 0.02 0.015 { 0 O1UPs 
1 

Total. . ..86,833.44 7,269.23 7,367081 8,541.80 6,415.05 } 7-S80-80) 


1—Plain square bar, 2—Twisted square bar. 
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COST OF FORMS. 


In keeping costs on forms the first cost per 1,000 ft. B. 
M. of lumber, the number of times used, labor cost of 
erecting, labor cost of oiling and patching, labor cost of 
wrecking, cost of labor cutting nails, etc., all expressed 
in M. ft. of B. M. should all be carefully kept. It is also 
well to keep the number of square feet of forms exposed to 
the concrete. A dry concrete will allow forms to be removed 
the next morning; however, the shores should not be re- 
moved for 4 to 6 weeks. When very wet concrete is used, 
forms should not be removed for 48 hours. In large 
arches forms are not removed in less than 14 to 28 days. 
Floor forms are usually left in place about a week— 
sometimes two weeks. By using panel construction the 
cost of forms can be greatly reduced. By using a laborer 
with 2 carpenters ordinary forms for walls, arches, etc., 
can be framed and erected for $10.15 per 1, 000 ft. B. M.; 
wrecked for $2.56 per 1,000 ft. B. M. With panels the 
additional cost per 1,000 ‘ft. B. M. amounts to about $0.86 
for each move. 


Factory buildings reinforced throughout, including foot- 
ings, outside and inside columns,\ walls, girders, beams, 
floor.slabs, roof and stairs, will cost $20 per cu. yd. of con- 
crete placed. Of this, 25 to 35% will be forms, including 
material, erection and removal. This quotation will vary, 
of course, greatly, depending on price of material and 
labor, design and number of times the forms can be used. 
With proper design and good carpenters, forms can some- 
times be used 3 to 4 times. On buildings with typical 
panels, beams and girders, and 8 to 10 stories, the forms 
might run to $6 a cu. yd. in places. On the other hand, 
a 2 or 4 story building which was very much cut up 
might run as high as $7 or $8 per cu. yd. 

In plain floor slabs using expanded metal, Clinton wire, 
etc., forms may cost from $2.20 to $3.25 per cu. yd. on a 
16 ft. span, and loads 400 lb. and 100 lb. respectively. For 
beam and plate construction (Ransome system), $5.50 to 
$10.50 per cu. yd., and loads 500 lb. and 100 lb. respectively. 

Forms for floors cost from 4% to 6 cents per sq. ft., 
cluding everything. Wall forms (4 in. walls) cost from 8 
to 11 cents per sq. ft. of wall. Column forms 22 cents 
per linear ft., the quantity of concrete being 3.7 cu. yd. 
per 100 linear feet of column. 

For floor work the prices range from 10 to 20 cents per 
sq. ft.; wall work, 5 cents. Of course, this is a case 
where the forms can be pwsed several times. 
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Centering can not be furnished and removed for less 
than $4 per yd., and should never exceed $6 per cu. yd. 


COST OF CONCRETE. 


_ The cost of concrete depends upon the character of the 
construction and. conditions, and not so much on the first 
cost of material. 

When placed in large masses, when form work is a 
small item, it can be placed from $4 to $7. Sewers and 
arches, when centering is required, $7 to $14 per cu. yd.. 
Thin walls under 8 in., $10 to $20, depending on char- 
acter of construction and finish. 

It always pays to obtain the best skilled labor possible, 
as then the-minimum prices are obtainable. Quotations 
of cement should be obtained, cost of freight and hauling 
determined, and then, by multiplying the cost bythe 
reed hee 9 constants the price per cu. yd. can be de- 
termined: , 


Proportion 1:2:4 | 1:2%:5 | 1:3:6 |.1:4:38 
Cement required in barrels..;.....) 1.57 1.29 1.10 0.85 
Sand, ORGS i cesvesédcenstemea ee: 0.44 0.45 0.46 0.48 
Gravel or Stone, cu. yd............. 0.88 0.91 0.93 0.96 


In order to give a more general idea of what the var- 
fous items cost in preparing, wheeling, mixing and de- 
positing concrete, the following brief is given from Gil- 
lette’s Hand-book of Cost Data: 


Sand can be washed, proceeding continuously, at 5c a 
cu. yd. for labor, 10c per yd. for shoveling up the sand. and 
any extra hauling. If the water is pumped, add 10c more 
per cu. yd. for coal and wages. 


A man can load 18 to 20 cu. yd. of broken stone into a 
wheel barrow in 10 hours if a plank flooring is used as 
a dumping platform. If the materials are dumped on the 
ground, 12 to 14 cu. yd. From hopper-bottom cars, 14 
cu. yd. per day can be unloaded by 1 man, 20 cu. yd. from 
flat cars. A good man can load 20 cu. yd. into a barrow; 


CoMPARATIVE Cost or Concrete (All Hand Mixed ) 


*Miami River Bridge, t+Ernst Street Viaduct, 
Fernold, Ohio Cincinnati, Ohio 
> 
3s 3s 
Material, Labor, etc. i=) 3 4 © cs » 1 
y 3 9 H2O1 3 8 mS 8 
~ g > =| 
es| 2 | 5 |Seeleg| 3 | = |B 
42) 2] $8 leeais3! 8 2 |#en 
(=) - ° Ow 
So a Be. 15°"16 a a 15 
Cement, DDIS:..... 5 ow ed data cs 1156 | $2 10 | $2436 36 | $158} 3876| $1 70| $639 00 $1 48. 
wp SOB FOB, os cece cob oe on oc able oe Teal wae ol We ote 532 30 35 | 224 1 20 278 40 64 
WN BGI. 0) os hide nn Ob tcmeteDlec s oitte as 3 Dye | ey 1165 00 75} 255 1 55 433 25 1 00 
Lumber........... ee i RT 2 BR EP rer 981 71 eT at ee ere 173 40 40 
‘Tools —Hardware.................005 eS A 307 18 yo Ser opel beee he 25 00 06 
Water eeeeereeeee eeeeew eee eee eee er eee eee eeee | @880* | eeeeeeee | e866 aseoo |. @8¢00 °5 * (ee G2 oe? JE. os fo 8 © 
Total Material 3, o. 8oi.ss coakcee cl thos | cases $5422 55 0626 oS: $1548 65 | $8 58 
‘Olearing—Hacavatings oc. . re. Geis elscss | lsedd |lonsceces | eoeseckaree | tceete 482 61 112 
Mixing and Placing Ooncrete— m2} aces inn co Picocncdae fms ck th evee. | reese 488 62 113 
Building Fortis, 666; 7.5, : ceca ne | hee Nak ee leh ee Tne. 107 3% 25 
Pomping © aid qu hd 60 iy eames caeeet alloca dil hess? 236 00 ON ya ee RE) De Soe 
‘Total Labor, per day............6..1 . 175 | 4287 86 2 78 175 | 1082 20 2 50 
Total Cost of Concrete, yd....... 1542 | ..... $9710 41 | $6 30) 434/ ....: $2630 85 | $6 08 


*One Abutment, 6 river piers, put down with cofferdams. 


‘Cement teamed ten miles. 


+Two Abutments at street. Excavation rock and shale. 


Sand and stone close to site. 


CoMPARATIVE Cost or ConcrRETE (All Hand Mixed )—Continued. 


*Quebec Ave. Viaduct, | +0. H.& D., B. & O. Viaduct, 
Cincinnati, Ohio Cincinnati, Ohio 
Material, Labor, etc 38 33 
aterial, Labor, etc. io} a bh =) 4 a 
hy 8 &S 8 2. 3 4 8 
Big'| | RES 3 25S 
=| g ri ais g = 5 2. 
au] £| 2 |ee(s8| 2] 2 |ass 
gy BR 2 t8 o as e180" 
OGINOOG OUI ss cous cae sch saw oseees 500 | $1 60 | $800 00 | $1 40 | 1908| $1 60 | $3052 80) Sl 44 
, Sand, GOR. decscacb¥anthsdretaditows 239 |} 125 298 75 583 | 1105 95 | 1049 75 50 
ND es rere et Tey 560} 188] 1046 90 1 84 | 1468 148} 2172 60 1 03 
EMMA NG ois cndde Cae scet es «see dew 6) 220 70 So ee eee 1135 80 54 
Tools—Hardware.........c.ccccceces ee | re, 3 30 44 | y & ace l ee 537 00 25 
Water eee eee ee eee eee eee eer eee ** ener 7. : eevee | #8888 * Ses F +80? 50 00 03 
Total Materialis. os iccccec cece ees Py RCT $2896 79 |}. 4 20) .... | woes $7797 95 | $8 79 
Olearing—Bxcavating......cccccees| coos | sees | ceeeeeee | eeees | wees | cones | eewewes | seeee 
Mixing and Placing OConcrete...... yd Oa cond ive eae d lado et 4 Shoe Biecaet to ceebaas 2 Sends 
Building Forms, etc............---- ee PT cd EP ee ee a i RA eV 
TUTE SE oid views Gadi se eveeduwas duel beard ocbeon eal Letab ed 1 keCa te cGokths aeeues 0 eine 
Total Labor, per day..........se00. . 175 | 1686 00 & OO 'T ewe 175 | 7274 67 3.44 
Total Cost of Concrete, yd....... 570 | ...- $4082 79 | $7.16/2111| ..... ‘onesie 62| $7 23 


*All Pedestals 5’ x5’ on top and from 8’ to 20’ hig 


h; location ve 


inconvenient for deliv- 


ery of materials; all team or wheelbarrow work. +One pier 56’ high; Concrete handled by 
steam derrick; two abutments and remainder pedestals; all materials teamed or wheeled. 


COMPARATIVE Cost or ConcrETE—Continued. 
(All Hand Mixed.) 


*Dam at Whitewater River, 
Richmond, Ind. 
a 4 
Material, Labor, etc. Le) » Be 
Pla] 8 |se8 
ey 2) pes asa, 
aax| § S- |8oa 
55 a ° 
& | « & 38° 
Ooment, DbIS. 665 ..5..56csavos coe 204 | $1 60 | $326 70 | $1.4814 
ON OG a el le erg A Die aal tos de ae coin .180 
Stone.,.... | eeee | wee ee | we eewee eeeeee 
SAMAR gay os bc Bo ct penta ielio ae Co ttnal Gakmrh uamenk T Lebdeles -608 
Tools—Hardware..............20005. Pale pies, BEY .445 
WOOK A. .tcccereens eeeee ~_eeeeeeeewe esee | seeeoe | e866 09:8 5. CROs 
Total Materia iti ee ecsehec| seme [ivcede 1 Ueede dee 3.338 
Clearing—Excavating.............. oe OE Ap RS 2 .96 
Mixing and Placing Concrete...... nS AR big cy iF” Fe #1.007 
Building Forms, etc................ ae ary er UR es evies 
eh) Lr ER Pig ek Bs 2 ope Ste ee gee 275 
Total Labor, per day............... ee he GOW feet eae 2.242 
Total Cost of Concrete, yd....... Ba teens $1227 60 | $5.58 


+Sand and Gravel. 

+Set. Forms and Mixed Concrete. 

* Reinforced Concretedam. lootings put in by aid of coffer- 
dams and steam pump. 


a@ poor man, 15 cu. yd. For 1 cu. yd. of concrete, labor 
at 15c, 
1 cu. yd. stone loaded for llc 
0.4 cu. yd. sand loaded for 4c 
15c a yard 
Cement can be loaded for 2c per yd., making a total of 


Cc. 
Materials can be transported by wheelbarrows, on a 


steep rise, loaded with 2 sacks of Portland cement or 2 
cu. ft. of stone, or on the level 3 sacks. A man can travel 


i } 


SS —— 


a aes eT «a 
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200 ft. per minute and loses % of a minute each trip.” 
The following rule from Gillette’s Hand-book will give a 
fair cost: 

To a fixed cost of 4c (for lost time) add ic for every 
20 ft. of haul if runway is steep; lc for every 30 ft. if 
level. Since loading the barrows is lic, total cost is 2lc, 
to which add lc for every 20 or 30 ft. When horse carts 
are used same can be loaded in 4 minutes and dumped in 
1 minute. It should travel 200 ft. per minute. The aver- 
age cart carries enough stone and sand to make % cu. yd. 
of concrete. If you can get the horse, cart and driver 
for 30c an hour, then to 5c for lost time add 1c per 100 
ft. haut. 

A good workman can turn over 30 cu. yd. In 10 hours, 
lifting each shovel and casting it into the pile. This is 
5e per cu. yd. of mortar, but as there is seldom more 
than 4 cu. yd. of mortar per cu. yd. of concrete we have 
2c per cu. yd. for each turn given to the mortar. Giving 
the mortar 6 turns gives 12c; mortar and stone 8 times 
Ne x 5) gives 15c; total, 27c per cu. yd.; wages, 15c per 

our. 


Concrete, after it is mixed, can be loaded, wages 1l5ic 
an hour at 12c a cu. yd. Consequently to a fixed cost of 
16c (4c lost time) add 1c for every 30 ft. haul. Dumping 
from barrows into deep pit, same can be done for lc a 
cu. yd., assuming that 1 man can dump 150 cu. yd. a day. 
If a small gang is working it will cost 6c per cu. yd. 
Cost of spreading is about 5c per cu. yd. if same is dumped 
from wheelbarrows; when carts are used, 10c per cu. yd. 
Dry concrete can be rammed for 15c per cu. ve. Spread- 
ing and ramming can be done for 40c per cu. yd. The 
cost of the superintendent depends on the amount of work 
and number of men under him and consequently can not 
be quoted. Where 6 men are working it would not pay 
to have a superintendent. To get efficiency, have two 
gangs, then one will try to do better than the other. 

In this summary for concrete mixed by hand Instead 
of using $1.50 for labor (same being about $2.00 at pres- 
ent), the following prices will result: 


Loading sand, stone and cement.......... . -$0.226 
Wheeling 60 ft. in barrowSs.............-.ss:. 0.080 
Mixing concrete; 6 turnS............es.ecenes 0.400 
Loading concrete into barrows............... 0.160 
We ROGIION “MET IE. 8s cxlgh specs tans Bas Shae eS 0.066 
Dumping barrows (1 man helping).......... 0.066 
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Spreading and heavy ramming...........++..0.200 


$1.198 
Foreman at $3.00 a day.........ess0- Dn oe aire or ohAL 
Total cost of mixing 1 yd........ eet rie $1.309 


When machine mixing is done, batch, continuous and 
gravity mixers can be used. Batch mixers are revolved 
10 to 15 times to give one batch a thorough mixing. This 
can be done in 1 to 1% minutes after charging. A mixer 
can be charged, given 15 turns and discharged in about 
3 minutes, or 200 batches in 10 hours; consequently the 
output of the mixer depends on the size of batch. Witha 
bite organization 300 batches can be turned out in 10 

ours. 

About 12 h. p. is used to run a % yd. mixer. A gaso- 
line engine using ten gallons of gasoline per 10 hour day 
at 1214c per gallon cost $1.25; 2 men will charge it, cost 
$4.00; 1 man to dump, cost $2.00, making a cost per cu. 
yd., $3.62; to this must be added the cost of wheeling to 
mixer, making of runs and placing same, wheeling to 
place of depositing, spreading, ramming, erection of hoists, 
engineer, cost of engine, hoist, etc., depreciation. 

The price of sand and stone being obtained, the quan- 
tities required per cu. yd. can be also taken from the 
table and the cost found. Gravel and stone can be ob- 
tained at prices ranging from 90c to $1.60. Sand, from 
5éc to $1.50. Cement averages about $2 per barrel. 

An experienced gang, at 15c per hour, can mix and 
shovel directly into place 1 cu. yd. at 80c. If wheeled, 
9c per cu. yd. for the first 25 ft. and 144c for each addi- 
tional 25 ft. should be added. A green gang will almost 


double this cost. 
COST OF PLANT. 


Hoisting engine and boiler can be rented at $2 per day 
for 30 days; for time exceeding 30 days a reduction of 
rate down to $1 per day ought to be obtainable. For fuel 
allow 1-3 of a ton of coal for each 10 h. p. per ten-hour 
shift. Prices of mixers can be obtained from manufac- 


turers, 
CONCRETE BREAKWATERS. 


These are generally cast in sections and then swung in- 
to place by a derrick and grouted with Portland cement 
mortar. This can be placed for $6.35 per cu. yd., using a 
1:214%4:5 mix. In Milwaukee, where 27% of the heart of the 
mass above low water was natural cement concrete cost- 


eee 


ES 
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ing $3.64 per cu. yd., the cost was reduced to $4.72 per 
cu. yd. in place. The Buffalo breakwater cost, when built 
in 36 ft. sections, blocks $7.10 per cu. yd., mass concrete 
$5.65 per cu. yd. When a concrete steel superstructure 
was built, the same cost $10.00 a cu. yd. for blocks and 
$9.40 a cu. yd. for mass concrete. 


ABUTMENT WALLS, 


When about 120 ft. long and containing 590 cu. yd., the 
concrete in abutment walls can be placed at $5.75 per cu. 
yd; day labor being $1.50 per day of 10 hours, and cement 
$2. 10 per bbl. - 


RETAINING WALLS. 


The excavation of these walls costs about 50c per cu. 
yd. A natural cement base can be put in at $4.00 per 
cu. yd. of 1:2:4 mix. The Portland cement concrete at 
$6.25 per yd. ; 


LEVEE WALLS. 


Levee walls constructed at Columbus, Ohio, 18 in. thick 
at the top, 50 in. at the bottom and a maximum height of 
11% ft., the heart of the wall being made of 1:2%:5 
(crushed gravel). The face of the wall for a thickness of 
2 in. was of mortar of 1 cement and 2 sand. 


Cost per cu. yd. 
Items Used in Each cu. yd. 
of Concrete 
60 ft. Length | 185 ft. Length 

0.94 bbls. Portland cement at $2.15. $2 021 $2 021 
1.10 cu. yd. crushed gravel $.75.... 0 825 0 825 
.55 cu. yd. sand at $1.25............. 0 687 0 687 

Labor ‘mixing, placing and ram- 
ming at$.15 .........000 1 160 1 324 

Extra cost at per yd. facing with ‘j 
to 8 morta eeeeeee 0 264 0 221 
Cost of lala erecting forms. ai ain a 0 265 0 232 
Cost of material in forms..... ... 0 379 0 391 

Deterioration of tools and equip- 
OS See t ree ee eee eee ee eee 0 042 0 055 
$5 643 $5 756 
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MORTAR AND STUCCO. ‘ 
The volume of mortar needed in a cubic yard of masonry 


is as follows: 
Brick ‘work ‘3464 inJ Jointer sist se lett wees ens OTB Cu. yd. 


Brickwork 14°. Joints. Gere eS ee oes 0.20 

Brick work: 44:1. Joints i.Ois SVU i ea 0.40 * 
Ashlar;. 20: in. COUTSES. bids Ele RATS coe aec vcs 0.06 he 
Squared BLOUNE! THABONYY faves eck eeSR os eek ee an 0.20 © 
Rabble masonry sninGwiad oad Beet SSE 0.25 7s 
For concrete, broken stone............. 33. 0050066 ns 


To make a good wall plaster, take good double strength 
lime; slake in plenty of water. Stir the lime only enough 
to keep the large lumps from burning. It should stand a 
week or 10 days before using. Put in 2% bushels of good 
clean hair to 2 barrels of lime. When ready to commence 
plastering take 1 barrel of good standard brand Portland 
cement to 3 barrels of lime. First thoroughly mix the 
Portland cement with 4 parts of sand; second, the lime. 
mortar should be sanded to the right consistency to make 
a good rich mortar; third, mix the sanded cement with 
the lime mortar as itis used. It will take very little mix- 
ing to make a fine tough mortar. 

For cement stucco for walls, mix 1 part of non-staining 
Portland cement, 2 parts medium sand, 1 part fine sand, 
and % part lime flour. When this has set hard, wet the 
surface thoroughly and apply the second coat with a 
wooden float. 

For the second coat (%4 in. thick) use 1 part cement, 1 part 
sand and 2 parts medium sand or crushed granite. Be- 
fore the second coat has set it can be jointed to present 
the appearance of stone work. A small addition of lime 
flour increases the adhesion of the mortar. The finished 
surface should be protected at least 2 weeks with canvas 
curtains or bagging saturated. with water. Defects will, 
appear if too much cement is used, if not enough mois- 
ture is applied, if not troweled sufficiently, and if not 
al 90 from variations in temperature and drafts of 
air. 

One barrel of Portland cement covers an area as shown 
by the following table: 


Thickness Sq. Ft. of 
Composition of Mortar. re meng Area Khor. 
n. 
1 Cement, 1 Sand.....eccccoseeee % in. 90 
¥% in. 134 


i> in 104 


ae eerste eee 
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3; Carminnt,: 3 Bagi acids occ sis Ges ters . % in, 139 
4 1% in. 208 
+... In. 140 
1 Cement, 3 Sand..............-. % in. 187 


% 

A 1:2 mortar of natural cement has about the same 
strength that a 1:4 or 5 Portland cement mortar, and 
shows the following difference in price: 

Portland iene Mortar. 


0.92 cu. yd. sand at $1.25..... Rv's cc sae oun ahceceaede 
1.12 bbls. cement at 33°60 eer dhs ccekéhockah cde, mee 
$3.95 
Natural Nem en Mortar. 
0.81 cu. yd. sand at $1.25............. Soe 
2.49 bbls. cement at $0.90........... Se eattis a, 
$3.25 


COLORING OF CONCRETE. 
Dry mineral colors affect the cement least and are con- 
ro bere used and are mixed according to the following. 
e: 


Me * 
of 3 
Bi - 52s 
S38 | 33 
Color Mineral ene | 633 
685 635 
a S50 
IGS. vanddnnookee’ Germantown Lam : aye A 2 
Po eee rey ..| Manganese Dioxide.,...... \ 4.8 
PRO Shs cee Excelsior Carbon Black,. 2 aa 
SWE. oF %e dieses Ultramarine. 5 Ree 5 2.0 
Green 2.620406..95.. Ultramarine Green....."" “ 6 2.4 
fev azgektute SFOs ORIG «Voi xccachonas 6 2.4 
Bright Red ...... Pompeian or Engiish Red, 6 2.4 
Sandstone Red ..| Purple Oxide of Lron......}. 6 24 
Piolet......: ....-| Violet Oxide of Iron., 6 2.4 
BPOWReweds kes tn ee Roasted lron Oxide,....._. 6 2.4 
Yellow % or Buff ..| Yellow Ochre .............. 6 2.4 
White. ee Lime, White Sand or Mar- 
ble; also mixture of lead 
and zine salts with ealc 
spar. 


DATA FoR EsTIMATING Cost OF CUBIC YARD OF CONCRETE.—W. A. Rogers, C. E. 


S 


Re fp Materials per 
zy em cu. yd. 
eS 
Proportion of Materials ee Sinej — 2 
HO “mod ao 
3 3) i 2 ® a 
bp hom 5 ~ 
BEA gee | 8 |°3 | $8 
5 5 5 | @ | a 
90 per centof 
1 part natural cement to1\ parts sand|) the amount F a ~ 1% | 0.35 0.95 
to 4 parts broken stone .............0.. pare rday -cu.yd bbls. jcu.yd.| cu. yd. 
. or labor ge apc 
1 part Portland cement to 2 parts sand “ “ 1% “ 4s 
to 5 parts broken stone .,.............- bbls. 
1 part Portland cement to 3 parts sand Pr, “ 0.9 is “a 
7% parts broken stone...... sane bbls. 
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It is best to mix the cement and color dry. Strength is 
gained and cost reduced by using the color cement for the 
coating only. 


PROPORTIONING CONCRETE. 


In this country the cement and aggregates are generally 
mixed by volume, although quite a number of engineers 
recommend a mixture by weight. This latter method is 
eee bs testing be pei We have mixtures specified 
by 1:2:3, 1:2:4, 1:2:5, 1:3:6, meaning 1 part by volume of 
catear: 2 parts eh volume of sand and 3, 4, 5 or 6 parts 
by volume of stone or gravel. Frequently the sand and 
stone or gravel are graded together and then the mixture 
is expressed by 1:5, 1:6, 1:7, etc., the sand and stone being 
mixed to give a maximum density and then adding the 
cement. In the following we give Mr. Fuller’s rule from 
Taylor & Thompson. 

We find in the article of Mr. Lee Heidenreich, in the 
Engineering World, some sensible suggestions regarding 
the proportioning of concrete, as follows: 


Many of the usual methods of proportioning concrete are 
unsatisfactory, owing to the fact that the laws governing 
the mixing and setting of. concrete are not definitely 
understood. A number of formulas and rules have been 
devised to regulate the quantity of cement and aggregates 
to use per cu. yd. of concrete. The usual field practice 
in America is to take cement and aggregates by volume; 
in France, the cement is measured by weight, the aggre- 
gates by volume; in Germany both are measured by 
weight. In American testing laboratories, the practice is 
to measure cernent and aggregates by weight. 


Hitherto, the practice has been to mix concrete by tak- 
ing 1 part cement with certain parts of sand and crushed 
stone or gravel. This practice is gradually changing, 
however, in view of the fact that the best concrete is that 
in which the aggregate is uniformly graded from .coarse 
to fine. Another point in favor of abandoning the former 
method is that the 1:2:3 mixture of one contractor may 
be identical with the 1:3:5 mixture of another, owing to 
differences in the sizes of sand and stone. In view of 
this, it is preferable to abandon specifying mixtures as 
1:2:3, 1:2:4, 1:3:5, but as 1:5, 1:6, 1:8, respectively in 
which case the 5, the 6 or the 8 parts of aggregate are 
mixed up, reducing the voids to whatever figure is neces- 
sary for maximum density, and then the cement added. 
Both methods of proportioning will be considered, since 
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both methods are in use at the present time. The best 
rules governing former practice are given below. 


Fuller’s Rule: An approximate rule for ready calcula- 
tion is the one originated by Mr. Wm. B. Fuller, and is as 
follows: Divide 11 by the sum of the parts (by volume) 
of all the ingredients; the quotient is the number of bar- 
rels of Portland cement required per cu. yd. of concrete. 
Multiplying this by the number of parts of sand and of 
stone will give the number of barrels of each. To reduce 
barrels to cu. yd., multiply by 0.14 (since a barrel con- 
tains 3.8 cu. ft. and there are 27 cu. ft. in a cu. yd.) 


On proportioning concrete for maximum density, Mr. 
Fuller says: 


Procure a piece of steel pipe 8 to 12 in. in diameter and 
a foot long and close off one end; also obtain an accurate 
weighing scale. Weigh out any proportions selected at 
random, of cement, sand and stone, and of such quantity 
as will fill the pipe about three-quarters full, and mix 
thoroughly with water on an impervious platform, such 
as a sheet of iron; then, standing the pipe on end, put 
all the concrete in the pipe, tamping it thoroughly, and 
where all is in, measure and record the depth of the con- 
crete in the pipe. Now throw this concrete away, clean 
the pipe and tools and make up another batch with the 
total weight of cement, sand and stone the same as before 
but with the proportions of the sand to the stone slightly 
different. Mix and place as before and measure and 
record the depth in the pipe, and if the depth in the pipe 
is less and the concrete still looks nice and works well, this 
is a better mixture than the first. Continue trying in this 
way until the proportion has been found which will give 
the least depth in the pipe. This simply shows that the 
same amount of materials is being compacted into a 
smaller space and that consequently the concrete is more 
dense. Of course, exactly similar material must be used 
as are to be used on the work, and after having in this 
way decided on the proportions to be used on the work 
it is desirable to make such trials several times while the 
work is in progress, to be sure there is no great change 
in materials, or, if there is any change, to determine the 
corresponding change in the proportions. 

The above described method of obtaining proportions 
does not take very much time, is not difficult, and a little 
trouble taken in this way will often be productive of very 
important results over the guess method of deciding Pre 
portions so universally prevalent, 
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A person interested in this method of proportioning will 
find on trial that other sands and stones available in the 
vicinity will give other depths in the pipe, and it is prob- 
able that by looking around and obtaining the best avail- 
able materials the strength of the concrete obtainable will 
be very materially increased. 

As a guide to obtaining the best concrete, the propor- 
tion of cement remaining the same, the following are the 
results of extensive tests: 

The stone should all be of one size or should be evenly 
graded from fine to coarse, as an excessive amount of 
the fine or middle sizes is very harmful to strength. 

All of the fine material smaller in diameter than one- 
tenth of the diameter of the largest stone should be 
screened out from the stone. 

The diameter of the largest grains of sand should not 
exceed one-tenth of the diameter of the largest stone. 

The coarser the stone used the coarser the sand must 
be, and the stronger, more dense and watertight the prop- 
erly proportioned work becomes. 

When small stones only are used the sand must be fine 
and a larger proportion of cement must be used to obtain 
equal strength. 


A set of test beams has shown the following decrease 
in strength, due to decrease in density: 


Modulus of Rupture. 
Lb. i 


Proportions. sq. in 
SBc@ a edhe Sc ummt 6 sioe Gee Vien screeds ee 319 
Ge eae Sees Fee eee) ey Ae Pere 285 
1:4:4~ eicvadu ewes eecp ate eeeres eR CEN Ts 209 
1 GS Sos ee otnle ain.x"eiear dale aia bye 151 
“Rn sath ceo ahah acvle viele WAN Ae oes da tes 102 
oe GoAper no nary RPh eens meres rye oat Gn 


the amount of cement in each of the above beams was 
the same (namely, 1-9 of the. total material), some of 
the beams were over 700% stronger than others. 

Proportioning. of mixtures can be done by means of the 
following formula: 


Sn eet 
(1) C =R0G+4) 
ry ab(i+£)? 


(2) CR OEE) 


CONCRETES. 
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C—the volume of cement paste in a unit volume of 
concrete. 

S—volume of sand. 

G—volume of stone or gravel. 

E=percentage of excess, generally about 10%. 

a—percentage of voids in stone or gravel. 

b—percentage of voids in sand. 

For a detailed discussion, see Buel & Hill, page 484. 
This can be compared with William B. Fuller’s formula 
given in Taylor & Thompson. 

c—number of parts of cement. 

8—number of parts of sand. 

g=number of parts of gravel or broken stone. 


11 
Then ——— = P=number of barrels of cement per cu. yd. 
c+s+¥ 
concrete. ° 


3.8 
PX SxXo7 =number of cu. yds. of sand per cu. yds. concrete. 


3.8) 5 
Rb” &Xo7 Snumber of cu. yds. of stone per cu. yds concrete 


Materials for One Cubie Yard of Concrete. 
(TAYLOR & THOMPSON.) 
Gravel or 


Cement, Sand Stone, 


Proportions Barrels Ou. Yds. Ou. Yds. 
PE Eee AA: ll 1.57 0.44 0.88 
2428 Caso eas Sr rs 1.29 0.45 0.91 
DR OY RAS ee tree er 1.10 0.46 0.93 
USOER.. o. lec chaste ese ee ut ose as 0.85 0.48 0.96 


The following suggestions are taken from a pamphlet 
issued by the Marquette Portland Cement Co.: 

Character of Materials to be Used with Cement:. Sand 
should be clean, coarse and sharp. A loamy sand should 
not be used; it will give bad resuits and retard the set. 
A very fine sand or gravel should be avoided; it will 
weaken the work. Gravel should be clean and vary from 
% in. to 2 in. in size. Care must be taken, if work is 
being done in winter time, that the material is kept from 
freezing, and that warm water is used, instead of cold, 
for mixing concrete. Crushed stone should be clean and 
free from dust or dirt. 
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Mixing Concrete: Mix cement and sand dry until the 
mixture shows a uniform color, then place the stone on 
top, wet slightly and mix well together by shoveling over 
three or four times; add only sufficient water to make the 
sand and cement stick to the stone, so that when handled 
by a shovel it will not crumble or fall off. Too much 
water weakens concrete. 


Proportions for Concrete Work: Varying proportions of 
. Sand and stone can be mixed with one part of cement 
and give good results, but for all ordinary purposes, such 
as sub-surfaces of sidewalks, cellars or street paving, 
mill or machinery foundations, house foundations, retain- 
ing walls, cisterns, reservoirs, etc., one part cement, two 
parts of sand and five parts of broken stone, or one part 
of cement, three parts of sand and seven parts of broken 
stone will give excellent results; enough sand should be 
used to fill all the voids between the stones. Architects 
usually state the proportions for the concrete in building 
specifications, and vary the proportions of sand and stone 
to suit the character of the work. If absolutely water- 
tight work is required, the face of concrete should be 
plastered on the side facing the water with a mixture of 
one and one-half parts of sand to one part cement. Never 
mix large quantities, but only as much as can be put in 
place within fifteen or twenty minutes after mixing. 


Laying Work: Ram the mixture well into place with a 
tamping iron or heavy wooden rammer, until it shakes 
like jelly and until the water comes to the surface; lay 
quickly, so that the layers adhere to each other, and in 
cold weather, to avoid freezing, use 1 lb. of salt to 15 or 
18 gal. of water. In hot weather, after concrete has set 
(say 12 hours) wet frequently with water, especially on 
sidewalk work. Cover unfinished work over night or over 
Sunday to prevent surface drying out, thus insuring a 
good joint when work is resumed. 


Laying Pavements: Depth of excavation depends greatly 
on soil; if walks are bounded on each side by soil, 15 to 
18 in. should be excavated and filled up to within 4 in. of 
level with good ashes, clinker, gravel or stone sprinkled 
and rammed well; this is necessary to prevent frost get- 
ting under pavement. Stakes and strips (2 in. x 4 in.) 
should be set on the outside to keep the walk straight; 
then fill to within % in. of top strips with concrete, mixed 
proportionately as stated in “Proportions for Concrete 
Work;” ram well, as previously directed; before the sub- 


PROPORTIONS OF INGREDIENTS ADOPTED IN EUROPE—( MARSH). 


N 
ce 


Proportions in cubic 
Qanatities: rere a make | © ¢¢ of Aggregates 
Concrete lbs. cement 
Mixture 
Sand, Stone, 
Cement, | cubic ft., | cubic ft., Sand, Stone, 
pounds |measured/measured| cubic ft. | cubic ft. 
loose loose 
~ That very generally employed for 
columns, beams and slabs 505 10.78 21.56 4.31 8.62 
ee or eee constructors for the 560 10.78 21.56 4.00 8.00 
‘ 
Employed by M.Considere for hooped 
Concrete with a resistance of 1,000 560 10.78 21.56 4.00 8.00 
lbs. per square inch 
Employed by M.Considere for hooped 
Concrete with a resistance of 1,425 757 10.78 21.56 2.96 5.92 
lbs. per square inch and for piles 
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surface is hard-set, fill the remaining % in. with top sur- 
face, which is generally composed of 1 part of cement to 
1 or 2 of good sand, or coarsely ground marble dust or 
limestone, or trap rock screened to from 1-16 to % in. 
in size. Obtain an even surface by working the top dress- 
ing backward and forward with the edge of a level board, 
which should rest on the strips on each side of the walk; 
when it is worked sufficiently to fill all pores, trowel until 
water comes to top; allow sufficient time for water to 
disappear, then trowel again and get even surface. Too 
much troweling is objectionable. Blocks should be laid 
in 4 or 5 ft. squares; lay every other block, returning to 
lay intervening blocks when the first ones are sufficiently 
set to allow strips being removed. Tar paper should be 
laid between joints to prevent the sections adhering to 
each other. Never use pure cement for dusting, but use 
equal parts of cement and sand. Dusting should be 
avoided and only done in cases where it is found too much 
water has been added to the mixture. Protect the surface 
against hot rays of sun and against currents of air. Two 
to 4 in. of earth, kept moist, makes a good cover, but is 
liable to stain the walk. 

Walks laid according to the above rule will require 7 to 
8 lb. of cement to the square foot. Curbs and gutters 
should be made in one that they may bind together, and 
should be made in lengths of 4 or 5 ft. each; the facing 
or curbing should be finished with a coating of 1 part 
cement to 1 of sand, carefully worked and troweled as 
soon as the boards can be removed to admit of same: 
the edges should be leveled off. 

Cellar Floors: With the exception of the remarks above 
on depth of excavation,’ the directions for pavements apply 
to cellar floors, 


Mortar: For masonry and brick-work use 1 part of 
cement to 5 or 6 parts of clean, sharp sand, adding about 
% part of fresh slacked lime to give the mortar a plastic 
nature; add more lime if necessary. 

SPECIFICATIONS, 

What Specifications for Reinforced Concrete Require, 
Work Included: This consists of the portion of the struc- 
ture indicated on the plans and is either monolithic or of 
reinforeed concrete. It embraces, providing all materials 
and labor to construct and complete the work, making and 
placing of forms, bending and placing of steel, mixing and 
placing of concrete, removal of forms, removing rubbish 
and finishing of surfaces. Full detail drawings, showing 
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column sizes, thickness of slabs and sizes of beams and 
girders are generally made part of the specifications. 
These can be replaced by some special system guaranteed 
to be as good as the one shown by the architects. 

Forms: The forms should be of such a character that 
after they are removed all slabs will have plane level sur- 
faces, all beams, girders, columns and walls will line up 
true to a plumb line and have the proper elevations called 
for. Wherever a surface finish is to be used rough lum- 
ber can be used on that side. The size, thickness and 
quality of the lumber is generally left to the discretion 
of the contractor, as it is to his interest to use the best 
quality of lumber of the necessary dimensions. 

The forms should not be removed until the concrete has 
become hard enough to sustain its own weight and the 
probable weight liable to be superimposed. Shores should 
be left in place at least 4 weeks. 

Before concreting, all forms should be cleaned of saw- 
dust, blocks, shavings, dirt, dust, holes patched with 
tin, oiled and sprinkled. Holes should be left in the bot- 
tom of columns to clean out the pieces of wood and saw- 
dust that collect in same. 

Concrete: The concrete is required to be mixed by 
volume; 1:3:6 being required for footings and 1:2:4 for 
structtral members, 1:2 for finish and this should never 
be less than % in. Water enough to make a pasty mix- 
ture is required: Never use such an amount of water 
that the cement and sand runs away from the stone or 
gravel. (Note.—By 1:3:6 is meant 1 part cement, 3 parts 
sand and 6 parts by volume of broken stone or gravel). 
It is advisable to test the mixture for maximum density. 

Portland Cement: Only high grade, established brands 
of cement, delivered at least 12 days before being used 
and passing the following tests should be used: 

Specific gravity of the cement, thoroughly dried at 100° 
C. to be at least 3.10. 

Fineness: It should leave a residue of not more than 8% 
on a No. 100 and not more than 25% on a No. 200 sieve. 

Time of Setting: Initial set not less than 30 minutes; 
hard set not less than 1 hour, nor more than 10 hours. 

Tensile Strength: A briquette of 1 sq. in. cross section 
shall have the following strengths: 


Neat Cement. Strengt > 
24, NOUFS IN ‘OIL, BIT. sp oe ors cos cee ce dees ..--150 to 200 Ib. 
7 days (1 day in moist air, 6 days in water). -450 to 550 Ib. 
28 days (1 day in moist air, 27 days in water) 550 to 650 Ib. 
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One Part Cement, Three Parts Sand. 


7 days (1 day in moist air, 6 days in water)..150 to 200 Ib. 
28 days (1 day in moist air, 27 days in water) 200 to 300 Ib. 


Constancy of Volume: Pats of neat cement, about 3 in. 
in diameter, % in. thick at center and tapering to a thin 
edge, shall be kept in moist air for a period of 24 hours. 
Keep one pat in air at normal temperatures and observe at 
intervals of at least 28 days. Keep another pat in water 
at 70° F. and observe at intervals of 28 days. Expose 
another pat to an atmosphere of steam, above boiling 
water, for 5 hours. The pats during this test should re- 
main firm and hard and show no signs of cracking; check- 
ing or disintegrating. 

Sulphuric Acid and Magnesia: No more than 1.75% of 
anhydrous sulphuric acid nor more than 4% of magnesia 
should be present. 


If cements do not fill the 24 hour or 7 day tests and are 
held for the 28 day tests and then fail to come up to the 
above requirements they should be condemned and im- 
“nediately removed from the premises. 


For a more complete test of cement, see the U. S. 
Government Specifications. 


Sand: All sand shall be clean, sharp sand, not having 
an excessive amount of foreign material in the form of 
loam or clay; 10% can be allowed. 


Broken Stone: Stone should pass a % in. ring for small 
work, 1% for large work; screenings, if clean, are per- 
mitted. All stone should be free from dirt which might 
keep the cement from adhering to the stone. Sandstone, 
limestone, granite, trap rock or other stone can be used 

Gravel: Gravel should be not larger than that passing 
a % in. ring and shall contain no sand, unless the pro- 
portion of sand in the mixture used is reduced. It shall 
a free from clay, loam and other extraneous ma- 
er 


Mixing and Placing: The mixing can either be done by 
hand, the cement, sand and stone being placed on a 
watertight mixing board, or mixed in a batch mixer. The 


Aroportion of water determined according to the nature 


of the materials being mixed to give same a good, pasty, 
well mixed consistency. 

The concrete shall be handled quickly and brought to 
the points of placing by hoists, derricks, concrete buggies 
or wheelbarrows, proper runs being supplied so that the 
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steel may not be displaced. Note that all steel has its 
proper position before concreting. 

When filling columns fill same to bottom of beams or 
girders. Churn same thoroughly with a long pole so 
as to work the concrete into close contact with the re- 
inforcement. After being allowed to set for several hours 
the beams and slabs may be placed. Column forms are to 
be filled before the reinforcement for beams and slabs is in 
place, 


Reinforcement: All steel should be medium steel, hav- 
ing an ultimate tensile strength of from 60,000 to 68,000 
Ib. per sq. in. and an elastic limit of not less than % the 
ultimate strength and should elongate not less than 22%. 
in 8 in. and bend cold 180° around a diameter equal to 
the thickness of the piece tested without fracture on out- 
side of bend. If high carbon steel is used it should con- 
tain not more than 0.06% of phosphorus; not more than 
0.8% of sulphur; not less than 0.4% or more tnan 0.8% of 
manganese and should contain from 0.5 to 0.6% of carbon. 
Its ultimate tensile strength should be at least 100,000 Ib. 
per sq. in.; elastic limit of half the ultimate strength, 
elongation of 10% in 8 in. for a test piece of % in. to % in. - 
in diameted. A ¥% in. test piece should bend 110° without 
fracture around a piece of equal diameter. 

Steel in compression should have a working value of 
10,000 Ib. per sq. in. 

In shear 10 to 12,000 lb. per sq. in. is allowable. 

All bars for column reinforcement should be cut with 
square or milled ends, especially if they are over 1% in. 
diameter. 

All steel should be bent as per details furnished. Most 
companies have a standard system of bending. 


All stirrups.should be placed in the position shown on 
drawings and never placed a greater distance than the 
effective depth of the beam. 


The column hoops or spirals should be properly spaced 
and wired to the vertical steel, depending on the size of 
the column and never exceeding the diameter of the 
column less 4 in. Before putting column steel on footings, 
the bearing plates should be properly grouted in place and 
all sawdust or rubbish removed. No more steel should be 
placed until the columns have been concreted. Beam, 
girder and slab steel is next placed and should be properly 
wired to secure it in its desired position. Before con- 
creting examine all steel to make certain none of its has 
been pushed out of position or omitted. 
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Patching and Finishing: After forms are removed, any 
surfaces in the concrete not properly filled are to be gone 
over with cement mortar and finished with a wood or cork 
float, rubbed with stone, chipped, stuccoed or some other 
manner. Frequently a tarred paint or waterproofing com- 
pound is used. 


SPECIFICATIONS FOR ARTIFICIAL STONE. 


In making artificial stone the following specifications 
should be followed: 


No concrete should be used that has been wet over 30 
minutes. 


Proportion of water uniform. 


Thorough mixing, so that there is an absence of porosity 
and permeability of block reduced by added density and 
thereby overcoming efflorescence. 


Curing: In curing, the application of moisture should 
be made regularly and uniformly so that the final set 
may take place under the most favorable conditions, thus 
insuring the greatest strength. 


Blocks treated with varying degrees of moisture or ex- 
posure to the sun causing variation in contraction and 
thus producing hair cracks should not be accepted. Blocks 
or sections of molded stone should be sprinkled at regular 
intervals and so frequently that no drying takes place. 
They should not be allowed to turn white during curing. 
Blocks made by the dry process should be carefully cured 
for at least 20 days. Blocks made from a medium mix- 
ture 7 to 10 days. When a wet mixture is used little water 
will be necessary in curing, but uniform conditions must 
be maintained and the stone sheltered from the sun. If 
blocks are cured in a live steam room same can be used 
after 4 days. - 


Facing: The facing of the blocks should be done with 
a 1:2 mixture of cement and sharp fine white sand and 
should be 1 in. in thickness. This facing should be ap- 
plied before the backing takes its set and not be troweled 
so that the neat cement is drawn to the surface and re- 
sulting in hair cracks. In mixing, the facing should not 
be allowed to become lumpy and the wet mixture should 
be screened if necessary. A little more water than usual 
should be used in the body of the block so as to insure 
the moisture staying in the facing.. No interval of time 
should elapse between the making of the body and the 
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facing of the artificial stone. Direct compression of the 
face should be obtained. If coloring matter is used only 
mineral colors should be used. 


Tests: Tests should be made on 28 day specimens to 
determine the character of the sand, gravel or broken 
stone. 


Body of Stone: The body of the stone should be made 
of a 1:2:4 mixture of an established brand of Portland 
cement, clean sharp sand and gravel or stone passing 
through a ¥% in. ring. Bnough water to insure a good 
bonding mixture should be used. 


Laying: Before laying the various pieces the adjoin- 
ing work should be thoroughly moistened so as to prevent 
absorption of the water out of the mortar. This mortar 
should be composed of 1 part cement, 3 parts of sand and 
1 part of slaked lime. If the stone is cast in place the 
forms should be sandpapered, shellacked, sprinkled and 
oiled, a 1:2 mixture % in. thick placed next to the forms 
and the backing of a very wet 1:2:4 mixture then added. 
Troweling should not be allowed on the face, as checks 
and hair cracks would result, 


Corners, etc.: All corners and edges shall be sharp and 
well defined. They shall have true horizontal or vertical 
lines, and no stone will be accepted that is chipped or 
marred in any way. Where the corners or edges are apt 
to be struck a piece of galvanized iron bent in the shape 
of a written small i shall be used. 


Reinforcement: When pinnacles, base courses, balus- 
ters, railings, etc., shall be liable to crack, due to shrink- 
age stresses, the same should be reinforced by the proper 
amount of steel to prevent such cracks. 


Discoloration: All artificial stone should have a uniform 
color and should be made of such cements that there will 
be no efflorescence. Cement of the same color only should 
be used to prevent streaking. The sand should also have 
the same shade of color. 


STANDARD SPECIFICATIONS FOR CEMENT. 


General Conditions. 


1. All cement shall be inspected. 

2. Cement may be inspected either at the place of 
manufacture or on the work. 

3. In order to allow ample time for inspecting and test- 
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ing, the cement should be stored in a suitable weather- 
tight building having the floor properly blocked or raised 
from the ground. 

4. The cémént shall be stored in such a manner as to 
permit easy accéss for proper inspéction and identification 
of each shipment. 


5. Every facility shall be provided by the contractor 
and a period of at least 12 days allowed for the inspection 
and necessary tests. 


6. Cement shall be delivered in suitable packages with 
pris brand and name of manufacturer plainly marked 
ereon. 


7. A bag of cement shall contain $4 Ib. of cement 
net. Each barrel of Portland cement shall contain 4 bags, 
and each barrel of natural cement shall contain 3 bags 
of the above net weight. 

8. Cement failing to meet the 7-day requirements may 
be held awaiting the results of the 28-day tests before 
rejection. 

9. All tests shall be made in accordance with the 
methods proposed by the Committee on Uniform Tests of 
Cement of the American Society of Civil Engineers, pre- 
sented to the Society January 21, 1903, and amended 
January 20, 1904, with all subsequent amendments thereto. 
(See addendum to these specifications.) 

10. The acceptance or rejection shall be based on the 
following requirements: 


NATURAL CEMENT. 

11. Definition. This term shall be applied to the finely 
pulverized product resulting from the calcination of an 
argillaceous limestone at a temperature only sufficient to 
drive off the carbonic acid gas. 

Specific Gravity. 

12. The specific gravity of the cement thoroughly dried 

at 100° C., shall be not less than 2.8. 
Fineness. 

13. It shall leave by weight a residue of not more than 

10% on the No. 100, and 30% on the No. 200 sieve. 
Time of Setting. 
14. It shall develop initial set in not less than 10 min- 


utes, and hard set in not less than 30 minutes, nor more 
than 3 hours. ; 
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Tensile Strength. 

15. The minimum requirements for tensile strength for 
briquettes 1 in. square in cross section shall be within 
the following limits, and shall show no retrogression in 
strength within the periods specified:* 


Age. Neat Cement. Strength. 
24 hours ‘in, Moist Sirs Mois sik acu (ace dbadkc.ow Wi beeah > 50-100 Ib. 
7 days (1 day in moist air, 6 days in water). .100-200 Ib. 
28 days (1 day in moist air, 27 days in water)..200-300 lb. 

One Part Cement, Three Parts Standard Sand. 
7 days (1 day in moist air, 6 days in water).. 25- 75 Ib. 
28 days (1 day in moist air, 27 days in water).. 75-150 Ib. 


Constancy of Volume. 


16. Pats of neat cement about 3 in. in diameter, % in. 
thick at center, tapering to a thin edge, shall be kept in 
moist air for a period of 24 hours. 

(a) A pat is then kept in air at normal temperature. 

(b) Another is kept in water maintained as near 70° 
F. as practicable. 

17. These pats are observed at intervals for at least 
28 days, and, to satisfactorily pass the tests, should remain 
firm and hard and show no signs of distortion, checking, 
cracking or disintegrating. 

PORTLAND CEMENT. 

18. Definition. This term is applied to the finely pul- 
verized product resulting from the calcination to incipient 
fusion of an intimate mixture of properly propertioned 
argillaceous and calcareous materials, and to which no 
addition greater than 38% has been made subsequent to 
calcination. 

Specific Gravity. 

19. The specific gravity of the cement, thoroughly dried 

at 100° C., shall be not less than 3.10. 
Fineness. 

20. It shall leave by weight a residue of not more than 
8% on the No. 100, and not more than 25% on the No. 
200 sieve. 

Time of Setting. 
21. It shall develop initial set in not less than 30 min- 


*For example, the minimum requirement for the 24 hour 
neat cement test should be some value within the limits of 
50 and 100 Ib., and so on for each period stated, 
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utes, but must develop hard set in not less than 1 hour, 
nor more than 10 hours. 


Tensile Strength. 

22. The minimum requirements for tensile strength for 
briquettes 1 in. square in section shall be within the fol- 
lowing limits, and shall show no retrogression in strength 
within the periods specified :* 


Age. Neat Cement. Strength. 
24 hours BN WOME, Bele wd a cna tuaees. cakes «sees +150-200 Ib. 
7 days (1 day in moist air, 6 days in water)..450-550 Ib. 
28 days (1 day in moist air, 27 days in water)..550-650 Ib. 

One Part Cement, Three Parts Sand. 
7 days (1 day in moist air, 6 days in water)..150-200 Ib. 
28 days (1 day in moist air, 27 days in water)..200-300 Ib. 


Constancy of Volume. 

23. Pats of neat cement about 3 in. in diameter, oe 
thick at the center, and tapering to a thin edge, shall be 
kept in moist air for a period of 24 hours. 

(a) A pat is then kept in air at normal temperature and 
observed at intervals for at least 28 days. 

(b) Another pat is kept in water maintained as near 70° 
os ie practicable, and observed at intervals for at least 

ays. 

(c) A third pat is exposed in any convenient way in an 
atmosphere of steam, above boiling water, in a loosely 
closed vessel for five hours. 

24. These pats, to satisfactorily pass the requirements, 
shall remain firm and hard and show no signs of distor- 
tion, checking, cracking or disintegrating. 

Sulphuric Acid and Magnesia. - 

25. The cement shall not contain more than 1.75 of 
anhydrous sulphuric acid (SO 3), nor’ more than 4% of 
magnesia (MgO). 

ADDENDUM. 

ABSTRACT OF METHODS RECOMMENDED BY THE 
SPECIAL COMMITTEE ON UNIFORM TESTS OF 
CEMENT OF THE AMERICAN SOCIETY 
OF CIVIL ENGINEERS. 


Sampling. 
1. Selection of Sample: The sample shall be a fair av- 
*For example, the minimum requirement for the 24 hour 


neat cement test should be some value within the limits of 
150 and 200 lb., and so on for each period stated. 


PERCENT OF WATER FOR CEMENT Mortars oF NoRMAL CONSISTENCY. 
, (Suggested by American Society for Testing Materials.) 
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he Percentage of Water for Sand om Percentage of Water for Sand 

s = Mortars $ a Mortars 

BS Si 

wi A: 

os os 

© 

os Proportions Cement to Sand by 2 Proportions Cement to Sand by 
5.0 Weight $3 Weight 

am gm 

Oe 2 - 

he) ic} 

om ' ow 

Ay 1:1 1:2 1:3 1:4 1:5 ow 1:1 1:2 1:3 1:4 1:5 
18 12.0 10.0 9.0 8.4 8.0 33 17.0 13.3 11.5 10.4 9.6 
19 12.3 10.2 9.2 8.5 8.1 34 17.33 13.6 11.7 10.5 9.7 
20 12.7 10.4 9.3 8.7 8.2 35 17.7 13.8 11.8 10.7 9.9 
21 13.0 10.7 9.5 8.8 8.3 36 18.0 14.0 12.0 10.8 10.0 
22 13.3 10.9 9:7 8.9 8.4 37 18.3 14 2 12.2 10.9 10.1 
23 13.7 11.1 9.8 9.1 8.5 88 18.7 14.4 12.3 11.1 10.2 
24 14.0 11.3 10.0 9.2 8.6 39 19.0 14.7 12.5 11.2 10.3 
25 14.3 11.6 10.2 9.3 8.8 40 19.3 14.9 12.7 11.3 10.4 
26 14.7 11.8 10.3 9.5 8.9 41 19.7 15.1 12.8 11.5 10.5 
27 15.0 12.0 10.5 9.6 9.0 42 20.0 15.3 13.0 11.6 10.6 
28 15.3 12.2 10.7 9.7 9.1 43 20 3 15.6 13.2 11.7 10.7 
29 15.7 12.5 10.8 9.9 9.2 44 20.7 15.8 13.3 11.9 10.8 
380 16.0 12.7 11.0 10.0 9.3 45 21.0 16.0 13.5 12.0 11.0 
81 16.3 12.9 11-2 10.1 94 46 21.3 16.1 13.7 12.1 11.1 
32 16.7 13,1 11.3 10.3 9.5 


erage of the contents of the package; it is recommended 
that, where conditions permit, one barrel in every 10 be 
sampled. 

2. All samples should be passed through a sieve having 
20 meshes per linear in., in order to break up lumps and 
fomore foreign material; this is also a very effective 

ethod for mixing them together in order to obtain an 
average. For determining the characteristics of a ship- 
ment of cement, the individual samples may be mixed 
and the average tested; where time will permit, however, 
it is recommended that they be tested separately. 


3. Method of Sampling: Cement in barrels should be 
sampled through a hole made in the center of one of the 
staves, midway between the heads, or in the head, by 
means of an auger or a sampling iron similar to that used 
by sugar inspectors. If in bags, it should be taken from 
surface to center. 


Chemical Analysis. 


4. Method: As a method to be followed for the analysis 
of cement, that proposed by the Committe on Uniformity 
in the Analysis of Materials for the Portland Cement In- 
dustry, of the New York Section of the Society for Chemi- 
cal Industry, and published in the Journal of the Society 
for January 15, 1902, is recommended. 


Specific Gravity. 


5. Apparatus and Method: The determination of spe- 
cific gravity is most conveniently made with Le Chate- 
lier’s apparatus. This consists of a flask (D), Fig. 1, of 
120 cu. cm. (7.32 cu. in.) capacity, the neck of which is 
about 20 cm. (7.87 in.) long; in the middle of this neck 
is a bulb (C), above and below which are two marks (F) 
and (#); the volume between these marks is 20 cu. cm. 
(1.22 cu. in.). The neck has a diameter of about 9 mm. 
(0.35 in.), and is graduated into tenths of cubic centi- 
meters above the mark (/’). 

6. Benzine (62° Baume naphtha), or kerosene free from 
water, should be used in making the determination. 

7. The specific gravity can be determined in two ways: 

(1) The flask is filled with either of these liquids to the 
lower mark (#) and 64 gr. (2.25 oz.) of powder, previ- 
ously dried at 100° C. (212° F.) and cooled to the tem- 
perature of the liquid, is gradually introduced through 
the funnel (B) [the stem of which extends into the flask 
to the top of the bulb (C)], until the upper mark (fF) is 
reached. The difference in weight between the cement 
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remaining and the original quantity (64 gr.) is the weight 
which has displaced 20 cu. cm. 

8. (2) The whole quantity of the powder is introduced, 
and the level of the liquid rises to some division of the 


A \ 4 


Fig. 1. Le Chatelier’s Apparatus. 
graduated neck. This reading plus 20 cu. cm. is the vol- 


ume displaced by 64 gr. of the powder. 
9. The specific gravity is then obtained from the 


formula: 
Weight of Cement 
Specific Gravity — 


Displaced Volume, 


ee 


125 


10. The flask, during the operation, is kept immersed 
in water in a jar (A), in order to avoid variations in the 
temperature of the liquid. The results should agree 
within 0.01. 


11. A convenient method for cleaning the apparatus !s 
as follows: The flask is inverted over a large vessel, 
preferably a glass jar, and shaken vertically until the 
liquid starts to flow freely; it is then held still in a vertical 
position until empty; the remaining traces of cement can 
be removed in a similar manner by pouring into the flask 
- small quantity of clean liquid and repeating the opera- 

on. 


Fineness. 


12. Apparatus: The sieves should be circular, about 20 
em. (7.87 in.) in diameter. 6 cm. (2.36 in.) high, and pro- 
vided with a pan. 5 cm. (1.97 in.) deep, and a cover. 


13. The wire cloth should be woven (not twilled) from 
brass wire having the following diameters: 


No. 100, 0.0045 in.; No. 200, 0.0024 in. 


14. This cloth should be mounted on the frames with- 
out distortion; the mesh should be regular in spacing and 
be within the following limits: 


No. 100, 96 to 100 meshes to the linear in. 
No. 200, 188 to 200 sn ‘6 “ “ 


15. Fifty gram. (1.76 oz.) or 100 gr. (3.52 oz.) should be 
used for the test, and dried at a temperature of 100° C. 
(212° F.) prior to sieving. 


16. Method: The thoroughly dried and coarsely screened 
sample is weighed and placed on the No. 200 sieve, which, 
with pan and cover attached, is held in one hand in a 
slightly inclined position, and moved forward and back- 
ward, at the same time striking the side gently with the 
palm of the other hand, at the rate of about 200 strokes 
per minute. The operation is continued until not more 
than one-tenth of 1 per cent passes through after one 
minute of continuous sieving. The residue is weighed, 
then placed on the No. 100 sieve and the operation re- 
peated. The work may be expedited by placing in the 
sieve a small quantity of large shot. The results should 
be reported to the nearest tenth of 1 per cent. 
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Normal Consistency. 


17. Method: This can best be determined by means of 
Vicat Needle Apparatus, which consists of a frame AK, 


D 


A 


AS 


WTEE\\ ee MEET \\\\\ 
MU TT] mA 
We)), (0). (0) A: a) 


VICAT NEEDLE, 
Fie, 2 


Fig. 2, bearing a movable rod L, with the cap A at one 
end, and at the other the cylinder B, 1 cm. (0.39 in.) in 
diameter, the cap, rod and cylinder weighing 300 gr. 
(10.58 oz.). The rod, which can be held in any desired 
position by a screw Ff, carries an indicator, which moves 
over a scale (graduated to centimeters) attached to the 
frame K. The paste is held by a conical, hard-rubber 
ring (I),.7 em, (1.76 in.) in diameter at the base, 4 cm. 


—— 
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(1.57 in.) high, resting on a glass plate J, about 10 
cm. (3.94 in.) square. : 

18. In making the determination, the same quantity 
of cement as will be subsequently used for each batch in 
making the briquettes (but not less than 500 grams) is 
kneaded into a paste, as described in paragraph 39, and 
quickly formed into a ball with the hands, completing 
the operation by tossing it six times from one hand to 
the other, maintained 6 in. apart; the ball is then pressed 
into the rubber ring, through the larger opening, smoothed 
off, and placed (on its large end) on a glass plate and 
the smaller end smoothed off with a trowel; the paste, 
confined in the ring, resting on the plate, is placed under 
the rod bearing the cylinder, which is brought in contact 
with the surface and quickly released. 

19. The paste is of normal consistency when the cylin- 
der penetrates to a point in the mass 10 mm. (0.39 in.) 
below the top of the ring. Great care must .e taken to 
fill the ring exactly to the top. 


20. The trial pastes are made with varying percentages 
of water until the correct consistency is obtained. 


Note. The Committee on Standard Specifications in- 
serts the table on page 121 for temporary use to be re- 
placed by one to be devised by the Committee on the 
American Society of Civil Engineers. 


Time of Setting. 


21. Method: For this purpose the Vicat Needle, which 
cco already been described in paragraph 17, should be 
u . 


22. In making the test, a paste of normal consistency 
is molded and placed under the rod L, Fig. 2, as de- 
scribed in paragraph 18; this rod, bearing the cap D at 
one end and the needle H, 1 mm. (0.039 in.) in diameter, 
at the other, weighing 300 gr. (10.58 oz.). The needle is 
then carefully brought in contact with the surface of the 
paste and quickly released. 

23. The setting is said to have commenced when the 
needle ceases to pass a point 5 mm. (0.20 in.) above the 
upper surface of the glass plate, and is said to have ter- 
minated the moment the needle does not sink visibly into 
the mass. 

24. The test pieces should be stored in moist air during 
the test; this is accomplished by placing them on a rack 
over water contained in a pan and covered with a damp 
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. PERCENTAGE OF WATER FOR STANDARD MIXTURES. 


Neat 1-1 1-2 1-3 1-4 1-5 Neat 1-1 1-2 1-3 14 |15 
TG naitpabe ke | Sap 10.0 9.0 8.4 8.0 || 33.........| 17.0 13.3 11.5 10.4 9.6 
10% Ss Sess cdl deed 10.2 9,2 8.5 yh Se eR 13.6 i? 10.5 9.7 
Fie AR Ay ys 10.4 9.3 8.7 eA Pe Te SB 13.8 11.8 10.7 9.9 
ae a) (ig Re 10.7 9.5 $.8 4 $.8.1-86.....2.2.) 18.0 14.0 12.0 10.8 | 10.0 
yee Ae eed bo GB 3 10.9 9.7 8.9 SY Pe 14.2 12.2 10.9 | 10.1 
+, SR red Mf 11.1 9.8 9.1 BS ees lia fe | 14.4 12.3 11.1 | 10.2 
QE xe cael 140 11.3 10.0 9.2 8.6 || 39.........] 19.0 14.7 12.5 11.2 | 10.3 
Se So aS 11.6 10.2 9.3 8:3: 40. ....5...|. 19.8 14.9 12.7 11.3 | 10.4 
2G. exe pasar 2407 11.8 10.3 9.5 Ay ee | 15.1 12.8 11.5 | 10.5 
Bhd vce vate ws] ao 12.0 10 5 9.6 9:0: 142... ce...) 20:0 15.3 13.0 11.6 | 10.6 
Be vccke se cel ID wD 13.3 10 7 9.7 0.44.48. Sah 28 15.6 13.2 11.7 | 10.7 
yar ea ae By f 12.5 108 9.9 a tS ee ee fe 15.8, 13.3 11.9 | 108 
Bic assincs cele LOO 12.7 110 10.0 9.3 | 44..0......]- 21.0 16.0 13.5 12.0 | 11.0 
Oiencteccs cal 16:5 BS He 10.1 24 P46. cS 1 23.8 16.1 13.7 WB 3 ih 
Wai ncatsae eet? AOat 13.1 11.3 10.3 9.5 
Material 1:1 1:2 ES 1:4 1:5 
WOM i tare cin thik ua owe bkunl seek 540 333 250 200 167 
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cloth, the cloth to be kept away from them by means of 
a wire screen; or they may be stored in a moist box or 
closet. 

25. Care should be taken to keep the needle clean, as 
the collection of cement on the sides of the needle retards 
the penetration, while cement on the point reduces ne 
area and tends to increase the penetration. 

26. The determination of the time of setting is aaiy 
approximate, being materially affected by the temperature 
of the mixing water, the temperature and humidity of 
the air during the test, the percentage of water used, and 
the amount of molding the paste receives. 

Standard Sand. 

27. For the present, the Committee recommends. the 
natural sand from Ottawa, Iil., screened to pass a sieve 
having 20 meshes per linear inch and retained on a sieve 
having 30 meshes per linear inch; the wires to have diam- 
eters of 0.0165 and 0.0112 in., respectively, i. e., half the 
width of the opening in each case. Sand having passed the 
No. 20 sieve shall be considered standard when not more 
than 1 per cent passes a No. 30 sieve after one minute 
continuous sifting of a 500-gram sample. 

28. The Sandusky Portland Cement Company, of San- 
dusky, Ohio, has agreed to undertake the preparation of 
this sand and to furnish it at a price only sufficient to 
cover the actual cost of preparation. 

Form of Briquette. 


29. While the form of the briquette recommended by a 
former Committee of the Society is not wholly satisfac- 
tory, this Committee is not prepared to suggest any 
change, other than rounding off the corners by curves of 
%-in. radius. 

Molds. 

30. The molds should be made of brass, bronze or some 
equally non-corrodible material, having sufficient metal in 
the sides to prevent spreading during molding. 

31. Gang molds, which permit molding a number of 
briquettes at one time, are preferred by many to single 
molds; since the greater quantity of mortar that can be 
mixed tends to produce greater uniformity in the results. 
The type shown in Fig. 4 is recommended. 

32. The molds should be wiped with an oily cloth before 
using. 


Mee ee eee ee ee 


Fig. 3. 


: 
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33. All proportions should be stated by weight; the 
quantity of water to be used should be stated as a per- 
centage of the dry material. 

34. The metric system is recommended because of the 
convenient relation of the gram and the cubic centimeter. 


35. The temperature of the room and the mixing water 
should be as near 21° C. (70° F.) as it is practicable 
to maintain it. 

36. The sand and cement should be thoroughly mixed 
dry. The mixing should be done on some non-absorbing 
surface, preferably plate glass. If the mixing must be 
done on an absorbing surface it should be thoroughly 
dampened prior to use. 


Fig. 4, 


37. The quantity of material to be mixed at one time 
depends on the number of test pieces to be made; about 
1,000 gr. (35.28 oz.) makes a convenient quantity to mix, 
especially by hand methods. 


38. Method. The material is weighed and placed on 
the mixing table, and a crater formed in the center, into 
which the proper percentage of clean water is poured; 
the material on the outer edge is turned into the crater 
by the aid of a trowel. As soon as the water has been 
absorbed, which should not require more than one minute; 
the operation is completed by vigorously kneading with 
the hands for an additional 1% minutes, the process being 
similar to that used in kneading dough. A _ sand-glass 
affords a convenient guide for the time of kneading. 
During the operation of mixing, the hands should be pro- 
tected by gloves, preferably of rubber. 
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Molding. 


39. Having worked the paste or mortar to the proper 
consistency, it is at once placed in the molds by hand. 

40. Method: The molds should be filled at once, the 
material pressed in firmly with the fingers and smoothed 
off with a trowel without ramming; the material should 
be heaped up on the upper surface of the mold, and, in 
smoothing off, the trowel should be drawn over the mold 
in such a manner as to exert a moderate pressure on the 
excess material. The mold should be turned over and the 
operation repeated. 

44. A check upon the uniformity of the mixing and 
molding is afforded by weighing the briquettes just prior 
to immersion, or upon removal from the moist closet. 
Briquettes which vary in weight more than 3 per cent 
from the average should not be tested. ~ ’ 


Storage of the Test Pieces. 


42. During the first 24 hours after molding, the test 
pieces should be kept in moist air to prevent them from 
drying out. 

43. A moist closet or chamber is so easily devised that 
the use of the damp cloth should be abandoned if possible. 
Covering the test pieces with a damp cloth is objection- 
able, as commonly used, because the cloth may dry out 
unequally, and in consequence the test pieces are not all 
maintained under the same condition. Where a moist 
closet is not available, a cloth may be used and kept 
uniformly wet by immersing the ends in water. It should 
be kept from direct contact with the test pieces by means 
of a wire screen or some similar arrangement. 

44. A moist closet consists of a soapstone or slate box, 
or a metal-lined wooden box—the metal lining being cov- 
ered with felt and this felt kept wet. The bottom of the 
box is so constructed as to hold water, and the sides are 
provided with cleats for holding glass shelves on which to 
place the briquettes. Care should be taken to keep the air 
in the closet uniformly moist. 


45. After 24 hours in moist air, the test. pieces for longer 
periods of time should be immersed in water maintained 
as near 21° C. (70° F.) as practicable; they may be stored 
A Sanne or pans, which should be of non-corrodible ma- 

erial. 
Tensile Strength. 

46. The tests may be made on any standard machine. 
A solid metal clip, as shown in the figure, is recommended. 


El eeEeEeEeEeEeE———————— 
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This clip is to be used without cushioning at the points 
of contact with the test specimen. The bearing at each 
point of contact should be % in. wide, and the distance 
ine the center of contact on the same clip should be 

47... Test pieces should be broken as soon as they are 
removed from the water. Care should be observed in 
centering the briquettes in the testing machine, as cross- 
strains, produced by improper centering, tend to lower 
the breaking strength. The load should not be applied 
too suddenly, as it may produce vibration, the shock from 
which often breaks the briquette before the ultimate 
strength is reached. Care must be taken that the clips 


ITT) 
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Qne inch 


Fig. 5. 


and the sides of the briquette be clean and free from 
grains of sand or dirt, which would prevent a good bear- 
ing. The load should be applied at the rate of 600 lb. per 
minute. The average of the briquettes of each sample 
tested should be taken as the test, excluding any results 
which are manifestly faulty. 

Constancy of Volume. 

48. Methods: Tests for constancy of volume are di- 
vided into two classes: (1) normal tests, or those made 
in either air or water maintained at about 21° C. (70° F.), 
and (2) accelerated tests, or those made in air, steam or 
water at a temperature of 45° C. (115° F.) and upward. 
The test pieces should be allowed to remain 24 hours in 
moist air before immersion in water or steam, or preser- 
vation in air, 
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49. Fof these tests, pats about 7% cm. (2.95 in.) in 
diameter, 14%, cm. (0.49 in.) thick at the center, and taper- 
ing to a thin edge, should be made, upon a clean glass 
plate [about 10 cm. (3.94 in.) square], from cement paste 
of normal consistency. 

50. Normal Test: A pat is immersed in water main- 
tained as near 21° C. (70° F.)) as possible for 28 days, 
and observed at intervals. A similar pat is maintained in 
air at ordinary temperature and observed at intervals. 

51. Accelerated Test: A pat is exposed in any con- 
venient way in an atmosphere of steam, above boiling 
water, in a loosely closed vessel. 

52. To pass these tests satisfactorily, the pats should 
remain firm and hard, and show no signs of cracking, dis- 
tortion or disintegration. 

53. Should the pat leave the plate, distortion may be 
detected best with a straight-edge applied to the surface 
which was in contact with the plate. 


RECENT TESTS ON BEAMS. 


In order to enable the readers of this book to form their 
own conclusions relative to the various tests which have 
been made within the last few years we publish the 
tables compiled by Profs. Hatt, Talbot, Turneaure, Mar- 
burg, Lanza, Howe and Mr. Harding, also those tests on 
columns made at the Watertown Arsenal. For a com- 
plete discussion of the same the reader is referred to 
Reinforced Concrete by Charles F. Marsh. Also Buel & 
Hill. These tables appear on pages 136 to 151 inclusive. 


TABLE OF LINEAR MEASURES, 
Cc. M.) 


(M. M.) 
10 millimeters =1 centimeter = 0.3937 in. 
10 centimeters =1 decimeter = 3.937 in. 
10 decimeters =1 meter = 39.37 in. 
10 meters =1 dekameter =— 393.37 in. 

10 dekameters =1 hectometer = 328.00 ft. 1 in. 
10 hectometers a=] ns gan = 0.62137 miles. 
» Mm, 

10 kilometers —1 myriameter ‘= 6.2137 miles. 


The meter is used in general, the centimeter or milli- 
meter in reckoning short distances, and the kilometer 
for long distances. 

A eentimeter is about % of an inch. 

A meter is about 3 ft. 3% in. 

A kilometer is about 200 rods, or % of a mile, 


SE a 
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Table of Weights. 


10 milligrams (mg.)-1 centigram 0.1543 troy gr. 


10 centigrams +1 decigram om 1.543 troy gr. 
10 decigrams =—1 gram (g.) = 15.432 troy er. 
10 grams =—1 dekagram = 0.3527 avoir.oz. 
10 dekagrams =1 hectogram = 3.5274 avoir. lb 
10 hectograms —1 kilogram (k.) = 2.204 avoir. Ib 
10 kilograms =1 myriagram =— 22.046 avoir. lb 
10 myriagrams =1 quintal =— 220.46 avoir. lb 
10 quintals =1 tonneau (t.) = 2204.6 avoir. lb 
t kilogram per kilometer — 0.67195 lb. per 1000 ft. 

1 lb. per 1000 ft. —1.4882 kilograms per kilo- 
i meter. 

t kilogram per sq. kilometer —1423 Ib. per sq. in. 

1 lb. per sq. in. aie digg kilograms per sq. 
millimeter. 


Tables on Sizes and Properties. 

The tables beginning on page 152 are placed in the back 
of the book for quick reference, as we believe the values 
given are those most frequently used and consequently should 
be placed where they can be most conveniently found. 

1. Bearing power of soils, 
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TABULATED RESULTS OF PROF. TURNEAURE’S EXPERIMENTS ON PLAIN AND 
REINFORCED CONCRETE BFAMS. 


223 34 Su Percent 
Poe] 
oat mine oe @ a3 ae 68 Method of Reinforcing of Rein- 
: Bas = Z| am forcement 
1to4 ol a Ee Age <. oa Wie oe aele eh cele Cb as Gudend ade cke ae 
5 tos Plain round 75000 % 4 Straight 1.07 
9 to 12 oy 3 75000 K 2 nt 0.97 
13 to 16 “ * 75000 % 4 2 straight and 2 bent up 1.07 
17 to 20 aA f 75000 % 4 All straight, with stirrups 1.07 
21 to 24 vy of 70000 | % | 4 2 straight, 2 bent, and stirrups 1.07 
25 to 28 Johnson 59000 yy 2 Straight 0.89 
29 to 32 Ransome 73000 | 7-16) 2 Gs 0.98 
33 to 36 Thacher 45000 % 2 ¥ 0.97 
37 to40 | Plain round 75000 % 4 All straight, with stirrups 1.07 
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Permissible. Bearing Value (Across the Grain) of Bolts 
_im Timber, per in. of Length.*—(Kidder. ) 


Diameter 
Yellow Oregon White 

of Bolt Dire Pine Spruce Pine Oak 

in ins. ar 
A 375 © 225 187 450 
/K 437 350 262 220 525 
1 500 400 300 250 600 
1% 562 450 337 280 675 
1% 625 500 _ 875 310 750 
1% 687 412 345 ~ 825 
1% 750 600 450 375 900 
1% 875 700 490 437 1000 
2 1000 800 600 500 1200 


*Based on unit stresses of 600 lbs. per sq. in. for oak, 500 for 
Southern yellow pine, 400 for Oregon pine, 300 for spruce, and 
250 for white pine. er: 

q | Cl 


Maximum Permissible Tension, Shear, and Bending 
Moment (in in.-lb.) for Wrought-iron Bolts in Timber. 


: * a * 4 
Sait 3 gs2|%2| 2 22 
Bi ome | -_ ' hw -~ 
: Single beg : Single wd 
$4 g 4s ge & a Pe § 5 og S; 
2 é 3+ 2 ; + 
es} ge |" | ge] ss] 8 | °° | gs 
ra a msi] A B as 
% 6000 4420 931 1% 85000 24050 11800 
K% 8400 6010 1479 2 45000 81416 17700 
1 10860 7850 2210 2% 60000 89760 25 
1% 13720 9940 3140 2% 74000 49080 34500 
1% 17700 12270 4310 2% 92000 59400 45900 
1% | 21400 | 14480 5740 3 108000 | 70700 | 59600 
1% 25740 17670 7460 3% | 130000 82950 75800 


Unit stresses: Tension; 20,000 lbs., shear, 10 000 lbs., bending 
22,500 lbs. 


*To be used only in truss joints. Not safe for rods. 
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Thickness for Foundation Walls.—( Kidder. ) 


Dwellings, 
Hotels, Etc. Warehouses 


Height of Building 
Brick, | Stone, | Brick, | Stone, 
in. in. in. in. 


‘ 


Pw StOGlOS. ci cirs.+ sos cds 12 or 16 20 16 20. 
Three StOriesis c.....05.use 16 20 : 20 24 
Four stories. éi.0.5 6s. ecsee 20 24 24 28 
BlLVG StUOSIGR. coco. ocho ced: 24 28 24 28 
Bix stories sys iiivedssss cdass 28 32 28 32 


Permissible Bearing Value (End Compression) of Bolts 
in Timber, per in. of Lenyth, and Distance from 
Center of Bolt to the Next Bolt.*—(Kidder.) 


» ar Oregon Pine White or 
* s Yellow Pine on Cake Spruce Soft Pine 
$s wee 
ys 
S= | Bear-| Dis- | Bear-| Dis- | Bear-| Dis- | Bear-| Dis- 
2s ing, |tance,| ing, |tance,| ing, | tance,| ing, | tance, 
=) lbs. , lbs. ins. lbs. | ins. lbs. ins. 
* 1125 5 1012 436 900 750 5 
1310 6 1183 5 1050 5 880 5% 
1 1500 6 1 5% 1200 6 1000 6 
1% | 1 7 1520 6 1350 1125 7 
1% | 1870 7% 1690 6146 1500 71% 1250 8 
1% | 2060 8 1860 7% 1650 1375 9 
1% | 2250 9 2025 8 1800 9 1 10 
1% | 2625 10 2360 9 2100 | 10 1750 ll 
2 3000 | ll 2700 | 10 2400 2000 12 
2% | 3375 | 12 ll 2700 | 13% 2250 13% 
2% | 8750 | 18 8375 15 2500 | 15 
2% | 4125 | 14 8710 | 13 8300 16% 2750 | 16% 
8 4500 | 15 4050 | 14 3600 18 3000 18 


*Based on a bearing resistance of 1500 lbs. per sq. in. for 
Southern yellow pine, 1350 lbs. for oak and Oregon pine, 1200 
lbs. for spruce, and 1000 lbs. for white pine. 
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Decimal Equivalents for Fractions of an Inch. 


: § i 8 
3 3S | Decimal 8 = | 3 | Decimal 8 
2 | = e | 8) z 
oo — a re — ie 
1 015625 33 515625 
1 2 03125 17 | 34 .53125 
3 046875 35 546875: 
2 4 0625 1-16 | 18 | 36 . 9-16 
5 .078125 87 578125 
8 6 .09375 19 | 38 59875 
7 .109375 89 .609875 
4 8 .125 \& 20 | 40 625 % 
9 .140625 41 640625 
5 | 10 15625 21 | 42 
11 171875 43 671875 
6 | 12 875 8-16 | 22 | 44 5 11-16 
18 .203125 45 .708125 
7 | 14 .21875 23 | 46 .71875 
15 .234375 47 .734875 
8 | 16 \% 24 | 48 75 % 
-1 17 . 265625 49 7 
9 | 18 .28125 25 | 50 78125 
19 296875 51 796875 
10 | 20 3125 5-16 | 26 | 52 8125 13-16 
21 .328 53 828125 
11 | 22 34375 27 | 54 84875 
23 : 5 55 .859875 
12 | 24 375 x% 28 | 56 .875 % 
25 890625 57 890625 
13 | 26 40625 29 | 58 .90625 
27 .421875 59 .921875 
14 | 28 4875 7-16 | 30 | 60 .9875 15-16 
29 458125 61 .958125 
15 | 30 46875 81 | 62 .96875 
$1 484375 63 984375 
16 | 32 5 A 32 | 64 - 1 
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Wire and Sheet Metal Gauges.—(Cambria Steel Co.) 
In Decimals of an Inch. 


Le ~ 
g.. |s° g 
2 Pa) avoD Cy s 
Eo co as ae & & 16 
& }2P| os 22s | 8* ; Be |a-2 
2 |58la a2e jase | 6 5 | Sek 
S§ |5°| 52 | 828 |35¥e| ce | Se | gee 
= |af| ce S52 | ates £3 = 16 
° a- | | Fee a “3 = £ 
b ue 2 m em = BSc =) S, 2s 
i |2| 5 | gig |2e8e| Se | £5 laze 
ee — — ~ 
5 |5a| Ba BOR, 2325 22 | 6a | tea 
Z% |@ < Ss) Ee = < 7) 
0000000 eee | tee ewer 5 eevee eeeee F seer -500 
QO0000 | .... | ...-.- 2 -4687 -4600 Pe ee enete .464 
SOGUGN base | isskees -4375 .4300 AS ee ee -432 
0000 | .454 | .460000 | .40625 .8938 Ye Sere .400 
000 | .425 | .409642 | .375 .3625 .860 .0315 | .372 
00 | .380 | .364796 | .34375 .3310 .830 .0447 | .348 
0 | .340 | .824861 | .3125 .8065 .305 .0578 324 
1 | .300 | .289297 28125 . 2830 -285 .0710 | .300 
2 | .284 | .257627 .2625 .265 .0842 | .276 
3 | .259 | .229423 2437 -245 .0973 | .252 
4} .238 |} .204309 375 .2253 225 .1105 | .232 
5 | .220 | .181940 | .21875 .2070 205 .1236 | .212 
6 | .203 | .162023 | .203125 .1920 .190 .1368 | .192 
7 | .180 | .144285| .1875 .1770 .175 .1500 | .176 
8 | .165 | .128490 | .171875 .1620 .160 .1631 | .160 
9} .148 | .114423 | .15625 .1483 .145 .1763 | .144 
10 | .134 | .101497 | .140625 .1350 .130 .1894 | .128 
11 | .120 -125 .1205 -1175 | .2026 | .116 
12 | .109 .109375 .1055 .105 .2158 | .104 
13 | .095 | .071962 | .09875 .0915 -0925 | .2289 | .092 
14 | .083 | .064084 | .078125 .0800 -0806 | .2421 .080 
15 | .072 | .057068 | .0703125 .0720 .070 .2552 | .072 
16 | .0.5 | .050821 | .0625 0625 .061 .2684 | .064 
17 | .058 | .045257 | .05625 -0540 -0525 | .2816 | .056 
18 | .049 | .040303 | .05 .0475 .045 .2947 | .048 
19 | .042 | .035890 | .04375 .0410 -040 .38079 | .040 
20 | .035 | .031961 .0375 .0348 .085 .8210 | .036 
21 | .032 | .028462 | .034375 03175 .031 .8342 | .032 
22 | .028 | .025346 | .038125 .028 3474 028 
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Wire and Sheet Metal Gauges.—Continued. 
In Decimals of an Inch. 


Lae =| } 
3 i e 
u | o aes |S oe - 
= i bo Sao 3 68 |e.8 
-|Bo| Bs I sag |. of 16 & 
o Th Go ae? a] e 5 
 & Ss) poi! eee | SN 6 EB? | S22 
bed 5 S| 4 Dad S65. oO GO jask 
§.|/s°| 22 | 82% |55Pe| cea] be | ee 
s ae] of Ss 8 g was | kes a g_3 
| ao] Ss . eer Fees! as =|- Fak 
- |ee| ge | ee | Bees | 26 | # les 
+ \ae| 4 | 22s |sen2| $2 | G2 | fee 
om SY met n to <= roe | 
s |£a] aa BOA | Sade} PE | da | tema 
Zz | < S) = + < a 
23 | .025 72 | ..028125 0258 -025 .8605 024 
24 } .022 | .020101 | .025 0230, | .0225 | .3737| .022 
25.| .020 | .017900 | :.021875 0204 020 | .8868| .020 
26 | .018 | .015941 | .01875 0181 .018 | 4000} .018 
27 | .016 | .014195 | \.0171875 0173 : 017 .4182 | .0164 
28 |, .014 | .012641 | ».01 0162 » 016 .4263 | .0148 
29 || .013 | .011257 | 0140625 0150 » 015 .4395 | .0136 
30 | .012 | .010025 | \.0125 0140 | .014 | .4526} .0124 
81 |; .010 | .008928 | ..0109375 0132 013 | .4658} .0116 
82 |; .009 | .007950 | |.01015625 | .0128 .012 | .4790 | 0108 
33 |;.008 | .007080 | .009875 0118 ' O11 4921 .0100 
84 | .007 | .006 |-00859375 .0104 .010 5053 | = .0092 
85 |, 005 | .005615 | .0078125 -0095 .0095 5184 | .0084 
86 | .004 | .005000 | }.00703125 .0090 -009 . 5316 | .0076 
87 .004 0625 | .0085 -0085 5448 | .0068 
88 | .... | .003965 | 1.00625 .0080 .008 5579 | .0060 
$0 |) cece] .Q0BSS1 |... 20258... 0075 .0075 | 5711 | » .0052 
40 |..... | .008144 | 4......... .0070 |. .007 | .5842] .0048 


The United States Standard Gauge was legalized by Act of 
Congress March 8, 1893, as a standard gauge for sheet and plate 
iron and steel, and is used by the Custom House Department 
aud by about forty-five sheet and tin-plate manufacturers. 


/ ' i 
' 
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Table of Pressures Corresponding to Given Heads 
of Water.—( Trautwine.) 


Water at maximum density, 62.425 lb. per cu. ft.=1 gram 
cu. ft. centimeter, correspon ng to a temperature of 4° Centi- 


ade=39.2° F. 
cia Pressure in lb. per sq. in.— 0.433507 X head in ft. 
“ee “e “a ft.—62.425 x “ se 8k 
= Pressure = Pressure = Pressure 
= & § 
3 Lb. _ Lb. per 3 Lb. per| Lb, per = Lb. per} Lb. ace 
= | sq. in. | sq. ft. = sq.in.| sq. ft = sq. in. | sq. ft. 
1| 0.4335 | 62.425 || 34 | 14.7392 | 2122.450 }) 67 | 29.0450 | 4182.475 
2| 0.8670 | 124.850 | 35 | 15.1727 | 2184.875 || 68 | 29.4785 | 4244.900 
3 | 1.3005 | 187.275 || 36 | 15.6063 | 2247. 69 | 29.9120 | 4807 .325 
4| 1.7340 | 249.700'|| 37 | 16.0398 | 2309.725 || 70 | 30.3455 | 4369.750 
5 | 2.1675 | 312.125 || 38 | 16.4733 | 2372.150 || 71 | 30.7790 | 4432.175 
6} 2.6010 | 374.550 || 39 | 16.9068 | 2434.575 || 72 | 31.2125 | 4494.600 
7 | 3.03845 | 436.975 || 40 | 17.3403 | 2497.000 || 73 | 31.6460 | 4557.025 
8 | 3.4681 | 499.400 | 41 | 17.7738 | 2559 74 | 32.0795 | 4619.450 
9} 3.9016 | 561.825 || 42) 18.2073 | 2621.850 || 75 | 32.5130 | 4681.875 
10 | 4.3351 | 624.250 || 43 | 18.6408 | 2684.275 || 76 | 32.9465 | 4744.300 
11 | 4.7686 | 686.675 || 44 | 19.0743 | 2746.700 || 77 | 33. 4806 .725 
12 | 5.2021 | 749.100 || 45 .5078 | 2809.125 || 78 | 33.8135 | 4869.1 
13} 5.6356 | 811.525 | 46 | 19.9413 | 2871.550 || 79 | 34.2471 | 4931.575 
14 | 6.0691 | 873.950 || 47 | 20.3748 | 2933.975 || 80 | 34. .000 
15 . 6.5026 | 936.375 || 48 .8083 | 2996.400 || 81 | 35.1141 | 5056.425 
16 | 6.9361 | 998. 49 | 21.2418 | 3058 82 | 35.5476 | 5118.850 
17 | 7.3696 | 1061.225 || 50 | 21.6753. | 3121.250 || 83 | 35.9811 | 5181.275 
18 | 7.8031 | 1123.650 || 51 | 22.1089 | 3183.675 || 84 | 36.4146 | 5243.700 
19 | 8.2566 | 1156.075 || 52 | 22.5424 | 3246.1 85 | 36.8481 | 5306.125 
20 | 8.6701 | 1248.500 || 53 | 22.9759 | 3308.525 || 86 | 37.2816 | 5368. 
21 | 9.1036 | 1810.925 || 54 | 23.4094 | 3370. 87 | 37.7151 | 5430.975 
22) 9. 113.380 || 55 | 23.8429 | 3433.375 || 88 | 38.1486 | 5493.400 
23 | 9.9707 | 1435.775 || 56 | 24.2764 | 3495.800 || 89 5555. 
24 | 10.4042 | 1498.200 || 57 | 24.7099 | 3558.225 || 90 | 39.0156 | 5618.250 
25 | 10.8377 | 1560.625 || 58 | 25.1434 | 3620.650 || 91 | 39.4491 | 5680.675 
26 | 11.2712 | 1623 59 | 25.5769 | 3683. 92 " 5743.100 
27 | 11.7047 | 1685.475 || 60 | 26.0104 | 3745.500 || 93 | 40.3.62 | 5805.5 
28 | 12.1382 | 1747.900 || 67 | 26.4439 -925 || 94 | 40.7497 | 5867 .950 
29 | 12.5717 | 1810.323 || 62 8774 | 3870.350 || 95 | 41.1832 | 5930.3875 
30 | 13 1872.750 || 63 | 27.3109 | 3932.775 || 96 | 41.6167 | 5992.800 
31 | 13.4387 | 1935.175 || 64 | 27.7444 | 3L95.200 || 07 | 42.0502 | 605.225 
32 | 13.8722 | 1997.600 | 65 | 28.1780 | 4057.625 || 98 | 42.4837 | 6117.650 
33 | 14.3007 | 2060.025 | 66 | 28.6115 | 4120.L00 | 9) | 42.9172 | 6180.075 
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Table of Pressures Corresponding to Given Heads 
of Water.—(‘'rautwine.) 
Water at maximum density, 62.425 lb. per cu. ft.—1 gram per 
cu. ft. centimeter, corresponding to a temperature of 4° Centi- ; 


grade=—39.2° F. 
' Pressure in lb. per sq. = 0.433507 X head in ft. 
ae “e ay xX a ae : 


-=62.425 
Pressure Pressure 
-Head Head 

in. Lb. per Lb. per in. Lb. aa Lb. per 

Sq. In. sq. ft. sq. In. sq. ft. 
1 0.036126 5. 7 0.252879 | 6.414583 
2 0.072251 10.404167 8 0.289005 41.616667 
3 0.108377 15 .606250 9 0.325130 46 .818750 
4 0.144502 20. 10 0.361256 |. 52.020833 
5 0.180628 26.010417 1l 0.397381 57 .222917 
6 0.216753 81.212500 12 0.483207 62 .425000 


Results of Tests Showing Effect of Sand on 
Strength of Mortars. 
From ‘‘Annales des Ponts et Chaussees." 


Tensile Strength in Kilogrammes 
per Square Centimetre 
AS 
Size of Sand |. ss 2 2 ; 
Bel pipes ee ed ae 
eS| A A a = be by 
Py oO ~ & oO san Nn 
1 15 1.97 3.83 6.56 8.79 10.73 | 12.14 
2 17 1.29 8.87 7.49 | 10.40 11.35 | 18.14 
3 22 1.00 2.50 5.24 9.27 11.11 | 11.24 
4 27 0.77 2.22 4.90 6.90 8.32 | 10.36 
Mi Ug t fae 0.39 1.94 4.17 6.74 8.21 9.06 
xture o 
above Sand f 2 1.45 8.29 7.39 | 10.49 13.17 | 14.16 
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Results of Experiments by Herr R. Dykerhoff on Effect 
of Sand on Strength of Mortars. 


Proportions of Ingredients Tensile reeese 
by Weigh per Square Inch 08 
“+ 
se ig: 2B 23 
gs | éy | ey] sy | se |_7 28 9 | £2 
z E 2 = 3 5 2 3s Days | Days | Days; ¢3 
642% es © iS) ad 
1 4 pe + <i 221 | 249 | 309 | 786 
1 4 533 M4 $s 256 807 s66 | So 
1 4 idl Pa: % 255 | 307 | 372 | 820 
1 4 362 | 805 
1 Fes 426 | 827 


Thickness of Enclosing Walls for Hotels, Office Buildings, 
Ete., Specified by the Chicago Building Ordinance. 


7 
= Stories * 
No. of g 
Stories z 
ioe} 1}; 2} 3] 4] 5] 6] 7] 8| 9/10]11]12 
Basement 12; 8 
and 2-story.| 12/12) 8 
Three story..| 16|12|12| 8 
Four story...| 20 | 16 | 16 | 12 | 12 
Five story...| 20 | 16 | 16| 16/12/12 
Six story.....| 20 16 | 16 | 16 | 12/12 
Seven story, .| 24 | 24 | 20 | 20 | 16 | 16 | 12/ 12 
Eight story..| 24 | 24 | 24 | 20 | 20 | 16 | 16 | 12 | 12 
Nine story...| 28 | 24 | 24 | 20 | 20 | 20 | 16 | 16 | 12 | 12 
Ten story..,.| 28 | 24 | 24 | 24 | 20 | 20 | 20] 16 | 16 | 12/12 
Eleven story.| 28 | 28 | 24 | 24 | 24 | 20 | 20 | 20/| 16 | 16 | 12 | 12 
Twelve story| 32 | 28 | 28 | 24 | 24 | 24 | 20} 20 | 20/ 16 | 16 | 12 | 12 
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ale | | x | oe | oe | of | ve | ve lee ccs NOT 30 
z | 92 | oz | of | og | ve | ve le fect sino “1g 
or | 02 | 02 | O@ | | | F | 8% | BB | BB Tt oseory9 } | Sys 
02 | 02 | w% | % | 8 | 2 | we | 98 | 98 | OF [tt MIOK MON Toa 
02 | 02 | 02 | % | 8 | 8% |] Ze | 2] 98 | 98 [tt uojysog 
a | | % | % | % | 98 | 93 | 9% | 08 pos prt 9A ua 
ST 8I (eG eG 9% 9% 0€ 0g rm |r ye sIno’yy 48 
91 |.9f | 06 | 0@ |. 0% | | FB | FG | 8 1 BB o8voyo } | $?H03S 
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AU) ] zt. | at: | 3. | 1 | | 93 | 9% | O8 | O8 Jrretttt’ 9a 00q 
St. | St: | st | @ | @ | 9% | 98 | 08 | 08 | re Lt sIno’y 45 
Zr | of | Of | OT | Of | 06 | 0% | FB | FZ | HS | SOdveuuTW | | sayzog 
9 | 9: |} 02: | 02 | 03.| FB | FB | FB | 8% PBB yr’ o880109 uel 
91 | 9f | 02 | 02 | | FB | 8B | * | * | 98 [°° yIOK MON 
9 | 0&2 | 06 | 06: | 06 | OZ | | FH | 8S | BB [TTT uoysog 
LUE) ARE fobs } TSE] WS] 1S. 9B OS- fos, eararce? I9aue ) 
st | St | St | @% | @ | 9% | 9% | of | oe |***’’ sInoy ‘39 
ZL | of | OL | OT | 06 | 0% | 0% | FZ. | b | **syodeouuyy | | soyioig 
91 9T oI 0% 0% 02 4 | Sale Ae es o3evo1gqO ouIN 
9T 9T 0% 0% XG 4% 8% CE. [Cn Ser HAO X MON 
9t | 02 | 03 | 02 | 0% | 02 | | | BB IT *"**" u0jsog 
or | 6 8 L 9 ¢ t g z if supiing 
30 443}0H 
S9104g : 
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SaFrE LoAps, IN Tons, ror Pries.—( Kidder.) 


(Hammer Weighing 1 Ton.) 
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TENSILE STRENGTHS OF 3 TO 1 CEMENT MORTAR WITH NATURAL SANDS, ALL 


oF WHIcH APPEARED TO BE OF THE SAME CHARACTER. 


2% 

25 . 

as c 

2 2" Z 

eS © 
Percentage of Weight Retained on Sieves with Varying Number Ag & a 
of Meshes per Lineal Inch | 2 a5 
p= iva] 
ee, Es 
ecg | 5s 
255 ns 
B25 op 
ra Be 
4 8 16 20 30 50 75 400 ee A S 

t Ru & 
0 26 21 16 11 9 8 7 2 700 
0 29 29 13 10 12 5 1 1 447 
0 22 21 11 17 20 8 1 1 870 
0 13 15 10 19 33 6 1 1 341 
0 9 10 6 11 45 15 2 1 332 
0 13 15 7 8 38 15 4 1 309 
0 0 0 0 1 6 69 23 2 246 
0 0 0 0 0 0 0 6 94 200 
0 0 0 2 3 15 45 30 5 189 
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Tests OF SLAG CEMENT. 


= 


* 
Place where 
Authority | Made 
Pavin de Vitry-le- 
Lafarge Francois 
MM. Bergner 
and 
Guillerme* 
MM. Cleveland... 
Bergner Cleveland... 
and Newcastle ., 
Guillerme Cleveland... 


Percentage of Residue 


Tensile Strength 
Pounds per Square Inch 


. Neat 1 to 3 


Days Days, 


Meshes of Sieve per Lineal Inch 


178 284 
256 | 398 

to | to 

356 | 484 

127 350 
127 404 
127 561 
127 483 


455 483 | 213 | 355 310 
568 710 

to to 

710 834 

436 240 | 334| 360/| 396 
485 | 502 216 | 366| 896) 427 
700 298 | 420) 456 

611 | 645 289 | 405| 430 | 450 
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Weights of Merchandise on Wooden Floors.—( Kidder.) 


Measure- 
ments Weights 
Material Oo © 3 ; 
3 | a3) 2 | se | 54 
BS Pee pol SHS 
Woou . 
Bale Kast India....... 0 c.ccccesdss 8.0 12.0 340 | 113 28 
Awetralis ... 7. 40.%5 Jae Mewes 5.8 26 0 385 66) 15 
‘““ South America.............. 7.0 84.0 | 1000} 143 29 
P'S SGORORE: 562). eRe es Bdeds 6.9 | 33.0 | 482}. 70} 15 
“ oal FORRES dd £5. ee 7.5 | 33.0 | 550} 73) 17 
DO abs dwebinElinvee db ddb wee 5.0 30.0 200 40 7 
Senak ef dacared tonal sb Sale dome he ee AN veh Late oe 5 
Woo.LEen Goons 
Case OS RR Es 5.5 | 12.7 | 220; 40) JW7 
flannels, heavy.............. 7.1 | 15.2 | 380| 46] 22 
rae i | A ORO 5.5 | 220 | 460) 84) 21 
mx) CRMURLIIONOR oc dicivcce oivleceie 10.5 28.0 550 52 20 
~ *) MIMGGPWORP oo os otk oc eole kee 7.3 21.0 350 48 16 
+» DIMEN. wo cn tsk sae ees ks 10.3 35.0 450 44 13 
“horse blankets.............. 4.0:| 14.0 | 250) 63) 18 
COTTON, ETC 
ELT ER EOL ¥ 8.1 44.2 | 515| 64 12, 
SI 7MOOUAMBOMIOG.., o ide act canieccks 4.1 | 21.6 | 550] 134] 25 
“ American Cotton Co........ 4.0 11.0 263 66 24 
$* co ae i igen wie Co 23 7.2 | 264) 110). 35, 
° ye as 2.4 9.9 300 | 125 30 
L ate lashings................ 26 | 10.5 | 450} 172] 43 
A a ERE BSE I ot 3.2 | 10.9 | 280} 88] 26 
Me) PEE Se OF 8.7 | 34.7 | 700}. 81),,.20 
sisal,. ee ee ee ee ee | 5.3 17.0 400 7 24 
CoTTron Goops i 
Bale unbleached jeans........... 4.0 | 125 | 800} 72) 24 
EOC CON fen ee ey as 1.1 23 75 638 33 
Bale brown sheetings..........77° 3.6 | 10:1 | 235} 65] 28 
Case pleschey sheetings.......... 48 | 114 | 330; 69) 30 
u ee ee ee | 72 19.0 295 41 16 
Bale sey ONE sn. seb eec cats 4.0 9.3 | 175| 44] 19 
MOG TRANGO  vscdccsicsccteececken. 4.5 13.4 420 93 $1 
Bale tickings.............c0000. sf 8.3 8.8 | 325] 99] °87 
Skeins cotton yar.................. tune FERS TN) ORRENN saa ll 
urlaps..... ee ee ee ee , “** ** 130 eee 30 
Jute bagging........60..cc0ccc cues 1.4 5.3 |) 100}, Go} » 24 
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Weights of Merchandise on Wooden Floors.—Continued. 


Measure- 
enoits Weights 

Material - 

g2) 23 | 2 | st] 5% 

Be} 64 | oe esas 

RAGS IN BALES 
White Tinen oe i Os ead 8.5 39.5 910 | 107 23 
White cotton. i... Secs ie lies cond 9.2 40.0 715 78 18 
Brown Cottons! 5.5 e os Ree ee 7.6 30.0 442 59 15 
Paper shavings ................... 7.5 34.0 | 507 68 15 
OME SACS och sae edb ot Slams 16.0 | 65.0 | 450) 28 7 
WORM a8 de Shoo Kp utcrernd dx ck Ob be ahd 75 30.0 600 20 
POLS BUtta iy eei ci bcacdecediecn chute 2.8 11.1 400 | 143 36 
PAPER 
Calendered book.................. 50 
Super calendered book........... on 
ews paper ‘*eeeee ee) 
Straw board,......... aT Se 33 
Leather board ............c0e0.0ce 59 
beard ES PAs RE BE. SC eee “ 
PODINDS bls bsicd ibid Dewi bates 
anita. SRS Ob ESS | Aad PM tS ARES 37 
GRAIN * 

Wheat in bags......6....5.cecscecs 4.2 4.2 165 39 39 
at SD DRI ois Vetoes deck cords beheld sRae aos tae a eee 44 
os wy ee Set elee daw dbus oo os tinal seu ¢ 39 
oh ~ meant i 55 os. vite jaa += 41 
Barrels flour on side.............. 4.1 5.4 218 40 
by POH GIG Nh ert of. 3.1 7.1 218) 7 81 
OOP IH RR i cee seeds iscos do 3.6 6 112] 31 al 
Cornmeal in barrels,............. 3.7 i) 218 | 59 37 
Clate Ta DARE: coi. k ak cs cspeps sce 3.3 3.6 96 | 29 27 
BGO Ol DAY. 625 6.050 ds pues) vatgae sec 5.0 | 200 | 284] 57 14 
ay, Dederick compressed .,... 1.75 5.25 | 125) 72 24, 
Straw, ‘* Pred wedecde 1.75 |- 5.25] 100] 57 13 
ow, se Ti bak the oA ae 1.75 5.25 | 150] 86 29 
Excelsior, Dederick compressed.) 1.75 5 25] 100 19 
Hay, loose (eee ee eeee ee eee ewer eee ee eee ene eee “** 4d 


*For pressure of grain in deep bins, see “* Engineering News ° 
of March 10, 1904, pp. 224 and 336; also of Dec. 15, 1904 
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Weights of Merchandise on Wooden Floors.—Continued. 


Measure- 
pincer Weights 
6 2 2 
Be 15" |-o [esi ee 
DYESTUFFS, ETC. 
Hogshead bleaching powder..... 11.8 | 29.2 | 1200; 102); 31 
g0ge ash. NGA a eat 10.8 29.2 | 1800} 167 
BOR IMONG os oss acciecwhund Os cere 3.0 9.0 | 385] 128] 43 
ty CIMOCEN, Eee ee ret concatenate 4.0 3:3 150 38 45 
= * MRSS Fi i yee sc beter me 1.6 4.1 160 | 100 39 
Caustic soda in iron drum....... 4.3 6.8 600 | 140} 88 
Barrel starch . ..........ccdsenecee 3.0 10.5 250} 83] 23 
os earl Q1UM-. icc ertecess 3.0 10.5 | 350} 117 33 
Box extract logwood ............ 1.06 8 55} 52] 70 
Orr) Hime. a5 o.5ss gcbees doesent 3.6 4.5 225 63 50 
4 cement, American Dy 5 Rpt 3.8 5:5 325 86} 59 
x English .......... 3.8 5.5 400 | 105 73 
¥ plaster ee Nee 3.7 6.1 | 325| 88} 53 
oo y POM SS xish ooh ve ee wie 3.0 9.0 430 | 143 48 
< Iara sy ye MAE eh Ud 97 4.3 | 12:3 | 422] 98] 34 
ad a OT CLI OTL LTE CG TEE YS on Tete wae ae 42 
MISCELLANEOUS 
Box bas Mevnbsc tektavvustacdiede cals 2.7 05° | 139} 99 ret 
= glass ee ee | ore 7 eee ree 
Crate crockery.................... 9.9 | 39.6 | 1600] 162} 40 
Oask crockery........ ee FAS 13.4 | 42.5 | 600} 52] ~14 
Bale leather, ...........s0ccecveces 7.3 | 122 | 190} 26] 16 
eT ERR Oe Sh Si 11.2 | 16.7 | 300} 27} 18 
“ Taw whides.... » oo Reta Ve ob me aa 6.0 | 30.0 | 400} 67} 18 
be compressed, ...... 6.0 | 30.0 | 700} 117} 23 
* sole leather... .............005 12.6 8.9 | 200} 22 16 
Pile sole leather., eee ee ee ree ere ree > >» 17 
Barrel anulated sugar ........ | 8.0 7.5 1.317] 106) 42 
FOWN SUZAP........652.085 3.0 7.5 | 30] 113 = 
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Bearing Powers of Soils as Determined by Prof. Ira 
O. Baker, University of Illinois. 


& . 

ae 

M4 

cs 

: wa 

Kind of Material 4 tet 

$9 

oo 
Pe . 
s\¢ 
Rock—the hardest—in thick layers, in native bed... | 200 - 
Rock Equal to best Ashlar masonry.................. 25 30 
Rock Equal to best brick masonry......... .......00s 15 | 20 
Rock Equal to poor brick masonry.................... 10 
Clay on thick beds (always dry) ..................-0005 4 6 
Olay on thick beds (moderately dry).................. 2 4 
Olay soft......... eee een ee ee ee ee ee 1 2 
Gravel and coarse sand, well cemented............. ax 8 10 
Sand, compact and well cemented.................---. 4 6 
Sand clean, d PPP eee eee eee eee 2 4 
Quicksand, Alluvial soiis; ete 2777 0.5 |} 1 


Values in lb. per sq. in. for Neat Cement Placed in Water 


By Fatsa. 
Time s ine, after Tensile Strength 
8 days eee eee ee eee et eee see a ith i f 20 to 25 t 
. with a rise o per cen 
Weve csba cctv ent soaalVhsenty of that of 3 days 
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Weights of Cement and Sand for Different Proportions, 


1:1 | 1:2 1:3 |. 1:4 1:5 


Goment25 eat si 500 .| 3338 250 200 167. | 
EI, 928 SRR 500 666 750 800 833 


Table of Transmission of Power by Wire Ropes. . | 


Showing necessary size and speed of wheels and rope to obtain — 
any desired amount of power.—ROEBLING. 


| 
| 
} 
; 


~se-| 6 os 5 se i 6 “ 5 
& 5 s n be 5 aS D 5 3 
Pa a) 3 av $2. | Ma g 2 Wi 
22 | wa |-2 B © oe % 2 Y r) 
aS |} os a3 p as of =p) 2 
SE 62 | 8 i} 2e 62 am iS} 
ra Z =) +>) =) Z a 0) 
4 80 % 3.3 10 80 11-16 58.4 
100 5 41 100 11-16 | ° 73. 
120 % 5. 120 11-16 87.6 
140 % 5.8 140 11-16 102.2 
5 80 7-16 6.9 il 80 11-16 75.5 
100 7-16 8.6 100 11-16 94.4 
120 7-16 10.3 120 11-16 1138:3 
140 7-16 12.1 140 11-16 182.1° 
6 80 4 10.7 12 80 % 99.3 
100 is 13.4 100 % 124.1 
120 16.1 120 % 148.9 
140 % 18.7 140 % 173.7 
7 80 9-16 16.9 13 % 122.6 
100 9-16 21.1 100 % 153.2 
120 9-16 25.3 120 % 183.9 
8 80 % 22. 14 % 148. 
100 % 27.5 100 4 185. 
120 56 33. 120 % 222. 
9 5% 41.5 15 % 217. 
100 % 51.9 100 ‘s 259. 
120 % 62.2 120 % 800. 
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Transmission and Hoisting Ropes with Nineteen 


Wires to the Strand.—TIron. 
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Natural Cements. 
From Baker’s Masonry Construction. 


Values in lb. per sq. in. for Tensile Strength of 


pues Z 


04 4uemIAQ 
guon | SES 
ie 8 
| :2¢ 
en | gas 
3° | Es 
8 © 
& 
e 


—1 day in air, 
days—1 day in air, 27 


24 hours—in water after settin 


7 days 


$08 or 3 
Table of Strains Produced by Loads on Inclined Planes. 


(Jones & Laughlin.) 


Strain in lbs. Strain in De 
Elevation in on Rope Elevation in on 
100 feet from a Load 100 feet from a Load 
of1 Ton of 1 Ton 
ft. deg ft. deg 
10= 5% 112 1347 
20=11 1-5 . 404 100= 45 1419 
30= 16% 586 110= 474 1487 
40=21 5-6 754 1200=50% 1544 
50=26% 130—52% 1592 
60=31 1040 140=54% 1633 
70=35 1lo6 150=56%4 1671 
80= 3834 1260 160 1703 


Cut Steel Nails and Spikes.—Cambria Steel Co. 
Sizes, Lengths, and Approximate Number per Pound. 


oo “ So 
S| a | BB] 2] 8 
Sizes | Length |Gommon}| & a Gs 2 x 
Inches = - a Fy 3 
ie) z Oe ie mM 
2d 1 740 400 1100 
3d 1% 460 260 880 
4d 1% 280 180 530 420 
5d 1% 210 125 350 300 100 
6d 2 160 100 300 210 80 
7d 2% 120 80 | 210 180 
8d 2% 88 68 168 130 52 
9d 2% 73 52 130 107 38 
10d 8 60 48 104 26 
12d 38% 46 40 96 70 20 
16d 8% 33 86 52 18 17 
20d 4 23 24 76 38 16 14 
25d 4% 20 F pert 
30d 4% 16% 80 ? 11 
40d 5 12 F 26 5 
50d 5% 10 20 7% 
60d - 6 8 16 6 
6% iat 5% 
7 5 
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Cut Steel Nails and Spikes.—(Cambria Steel Nea 
Continued. 
Sizes, Lengths, and Approximate Number per Pound. 


~ o 
in es a to eS & | 
7 ef =) - - 
Sis | 3 | £ | 35 | 3. |sizes| ¥o} Oe | of 
S = sa = 35 2 car 
wha fo} = nm ae BS 
=x o 
5% 750 % | 1462 
* 600 y~ % | 4300 
500 san 2d | 1 | 1100 960 
2d 1 450 340 | 3d | 1%] 800 750 
1% 310 400 ee 4d | 1% | 650 600 
3d 1% 280 304 280 — 
1% 210 ... | Tobacco | Brads|shingle 
4d 1% 190 224 220 
5d 1% - 180 180 
6d 2 : eo 97 120 
7d 2% q 85 94 
gd | 214" ; 68 74 =| 90 
9d 2% oe . 58 62 72 
10d 3 on - 48 50 60 
12d 3% , a . 40 
16d 3h ‘ ; 27 
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Characteristics of Open Hearth Basic Steel.—(Kidder.) 


~ . 
iS) 
Tensile Strength in 
So lb. per sq. in. Duetility 
ga 
Ee - 
ES Ultimate Elastic Stretch Reduction of 
fu Strength Limit ingin. . | Fractured Area 
08 54000 32500 32 percent 60 percent 
-09 54800 33000 31 ‘ 58 ts 
.10 55700 83500 31 % 57 : 
ll 56500 84000 30 ¥ 56 * 
12 57400 34500 30 ef 55 
13 58200 35000 29 ¥ 54 . 
14 59100 35800 29 - 53 . 
15 60000 36000 28 * 52 g 
16 60800 36500 28 ¥ 51 > 
17 61600 37000 27 rs 50 My 
18 62500 37500 27 * 49 i 
19 63300 38000 26 , 48 
20 64200 38500 26 ( 47 4g 
21 65000 89000 25 + 46 i 
22 65800 89500 25 re 45 tr 
23 66600 40000 24 he 44 
24 67400 40500 24 -* 43 , 
25 68200 41000 ‘ a 42 , 
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_Resvutts or Tests MADE IN 1902 on Errect or ConTINUVOUS MIXING OF 
PoRTLAND CEMENT Mortars BY C, G. STREELS, ASSISTANT 
City ENGINEER, Sioux Ciry. 


Sand through sieve of 20 meshes per lin. inch and retained on sieve with 30 
meshes per Vin. inch; 99 oz. of cement, 220 oz. of sund and 24 oz. of water, or 7.77 


per cent of the cement and sand, 
Continuously Average tensile 
mixed for Strength 


hrs. min. 1bs, per sq. inch 
Dac bSctkd ed ctP EE Go awh came dad 7s Oddes bos twRiaee 0 15 294 
Dis begs ac SCE oG es ob Reg whee AOE eth ved 0 80 278 
Die conlavic bei adeee i Rate a toda ecuus  eeekeuow 0 45 282 
Dec ceinas OE eee chs a sa dead eds cadet 1 0 243* 
Dc) abu di esieh ealmeee Ths Oa vc be ce ba vebhe 8 1 2 275 
Sn ut Suki ng chy c CERT os C4éateatbawesbes va 1 5 283 
Aa heevtttrsSttrvcch an bik doidicieciane cient veets 2. & 287* 
Dori deens Coed Wiener eee: cAiel> Lordlcsbwe eke tip need 2 65 $14 
PRE A eaege pie meS By age hy DEAS oy ee 8 2 326* 
No. of Pip Mi LS LES ee 3 Pes PoE oc ba 3 655 872 
BO NO ABI oo ©, rds va oo bdo Caleee od escied 4 2 334t 
UN MN ai. vent ost dé evbeeabenchsace 4. 56 384 
hy cole oer be Re Bre es A aR 5 2 264 
AD I Bad ends eath sbeebs cae 5 5 249 
Oe ee ial PEN ads bo cot die a he 6.6 6 308* 
BLOAT AIR GONE SON oy oo Saat a ac «dete wate 4 /D 217 
BPN e OURO od VER ab ebb oa save ti ihe | 255 
ek eR oe] s ene re ae 8 55 236 
eet AIS eee Oe A veges RES" 8 55 220* 
DP NA NTS, oa ccvbaccecodetudnyecd 8 55 215* 


*2 oz. water added, +3 oz. water added 
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COMPRESSIVE STRENGTH OF CONCRETE AND MORTAR COLUMNS, PLAIN AND 
REINFORCED, WITH LONGITUDINAL STEEL BARS. 
NORMAL DIMENSIONS 12 IN. BY 12 IN. BY 8 FT. STRENGTH. 


Composition Age Reinforcing Bars 
Ps fe onl 
‘ 85 2 es 
z | Sand ae Kind of Stone © | Days Number and Kind oS 
3 35 _ or Oinder S} 5... 
o) | m- = mS 
1 1 SainFOD. 2 Sista hitb teed 5 “Tee. 6 -e None ola 
1 1 Xe 4% 14, in ahi 4 7 28 % oid 
1 1 2 8 ad 4 % in. twisted 1.46 
1 ee 3. ‘$ > 7 25 None 2 
1 2 3 * cx 7 28 4% in. twisted 1.44 
1 2 UA * ¥ 3 17. None ola 
1 2 4 51) he 3 13 4 4% in. twisted 1.43 
1 2 4 ae nS 3 16 4 % in. corrugated 0.97 
1 2 4 ‘ $8 3 14 4 %in. Thacher 1.03 
1 2, 4 ‘ E 3 15 8 % in. twisted 2.86 
1 2 4 HT? ef 3 14 8 % in. corrugated 1.94 
1 2 4. t * 3 12 8 % in. Thacher 2.09 
1 2 4 “ ae 7 26 4 % in. twisted 1.45 
\“sa 2 4 4%—1% in. trap rock 5 10 None ae 
1 2 4 Cinders 5 16 * 7 
1 2 q 5 16 4 % in. twisted 1.45 
1 3 6 %—1% in. pebbles 7 23 None = 
1 3 6 = #3 7 24 4 % in. twisted 1.44 
1 3 6 4%—1% in. trap rock 5 10 8 5g in. corrugated 1.94 
1 3 6 * s wi 7 None as 
1 3 6 Y%~14 in. trap rock 7 8 % in. corrigated 1.92 
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INDE™. 


Adhesion of concrete to steel, 
tables, 29, 31. 

Allowable unit stresses for tim- 
ber columns, ee te 84, 92. 

American sieves, table, 44 

an’ ps of cement, chemical, 

Area covered by 1 bbl. cement, 
table, 1 

Artificial = kat specifications 
for, 117, 118. 


Bars, tensile strengths of, 
table, 7. 
resistance of, table, 30. 
Beam, formulae, 47. 
safe loads for wooden, tables, 
14, 16, 18. 


shear in, table, 144. 
Beams, tables of tests on con- 
crete: 
Prof. M. A. Howe, 151. 
Lanza, 13 


Prof. Goetana 
Prof. Hatt, 140. 
Prof. Edgar Marburg, 142. 
Prof. Turneaure, . ) 
Prof. Talbot, 146, 

Beams, two symmetrical loads 


concrete, 151, 
values of K for computing, 
tables on, 64, 65, 66. 
wooden, strength of, 86. 
Bearing plates, loads of masonry 
from, table, 86. 
Bearing power of soils, table, 


Bearing values of bolts in tim- 
ber, table, 152, 153. 


Bending moments for bolts in 
timber, table, 152 

Bendin moments, deflections 
and shears, formulae for, 


Bids received for concrete . re- 
inforcement, table, 93. 
Bolts in timber, bearing value 

of, 153. 
Breakwaters, concrete, cost of, 
100. 


Brick and stone, crushing height 
of, 82. 

Buildi thickness of walls for, 
table. 160. 


Ceiling joists, maximum span 
or, table on, 25 
‘|Cement, area covered by one 
barrel, table on, 102. 
chemical analyses of, 123. 
me RN of prices, table on, 


effect of fineness of sand on 
1:2 mortar, table on, 171. 
mortars, table on effect of 
fineness of sand, 171. 
normal consistency of, 126. 
per cent of water for mor 
tars, table on, 122. 
Portland, continuous mixing 
of mortar of, table on, 181. 
Relative economy of Portland, 
table, 42. 
and sand, mixing for tests, 
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ioe ee specifications for, 
stucco, rule for, 102. 
ex CL strength of, table on, 


tensile strength of mortars 
affected by fineness _ of, 
table on, 46. 
tensile strength of natural, 
table, 177. 
tests, method of molding for, 
132. 
tests, molds for, 129, 
tests on slag, table on, 165. 
tests on tensile strength of, 
120. 
tests, storage of pieces for, 
132. 
time of setting, 127. 
sere: analyses of, table on, 
Characteristics of open-hearth 
basic steel, table on, 180. 
Chemical analysis of cement, 
123. 

Coefficient for first loading of 
concrete, table on, 28. 
Coefficient of expansion of con- 

crete, table on, 26. 
Coloring concrete, table on, 103. 
Columns, unit stresses and loads 

for timber, table, 92. 

compressive strength of con- 

crete and mortar, table, 184. 

formulae for concrete, 81, 
Comparative costs of concrete, 

table, 98. 
Comparative tensile 

table, 173. 
Compressive strengths of con- 

crete, tables, 34, 35. 
Concrete, adhesive resistance to 

iron, table, 29. 


strengths, 


behavior of prisms while set- 
ting in air and_ water. 
tables, 132. 

constant for determining th2 
cost per cu. yd., table, 95. 

cost of various items in pre- 
paring, wheeling and plac- 


ing, 95. 

elasticity under compressior.. 
table, 27. 

formulae for proportioning 


mixtures for, 107. 
items used in each cubic yara. 
table on, 101 
orig required for 1 cu. 
of rammed concrete, 
table on, 108. 
modulus of elasticity of, table 


on, 
reinforced, neutral axis ot 
slabs of, 56 

reinforcement, bids received 
for, table on, 93 
reinforced, requirement of 


specifications for, 114 

safe strength of, in compari- 
son, table on, 39. 

specifications for, 114. 

strength of shingle, 
on, 5. 

strength of, table on, 6. 

different sizes of plain rods, 
table, 93 

various items in preparing, 
wheeling and placing con- 
crete, 95. 


Cost of abutment walls, 101. 

concrete, 95. 

concrete breakwaters, 100. 

different sizes of plain rods, 
table, 93. 

forms, 94, 

levee and retaining, 101. 

plant, 100. 

various ingredients in prepar- 
ing, wheeling and _ placing 
concrete, 95. 


table 
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Crushing height of brick and 
stone, 82 


Data on beams, table, 146. 
Decimal uivalents for frac- 
tions of an inch, table, 154. 
Deflections, bending momenrnts| 
one shears, formulae for, 
Earth thrust, formula for). 78. 
Effect of regrinding coarse par- 
ticles, table, 45. 
Effect of sand on strength of 
mortars, table, 158. 
Elasticity of concrete, modulus 
of, table, 36, 
Elasticity of cosarete, 
compression, table, 27. 
Enclosing walls, thickness of, 
table, 159. 


under 


Expanded metal, sizes of sheets,| 


table, 172 
Expansion of concrete, table of 
coefficient, 26. 


Explanation of the table on 
pages 14, 16 and 18, 


Flat Sistee formulae for use of, 
Hous 1pites maximum span of, 


Floors, weights of merchandise 
on wooden, table, 167. 


Footing courses, safe load for 
masonry, table, 174. 


Form ef briquettes for cement 
tests, 129 


Formulae for beams, 47. 
concrete columns, 81. 
horizontal shear in slabs, 55. 
proportioning mixture for 

concrete, 107. 


ee walls, 74. 
use of 0. 
vertical Seren in slabs, 54. 
wall footings, 67. 


| Formulae, Thacher’s, 34. 


Formulae used in the Ransome 
System, 78. 

French sieves, table, 44. 

Fuller’s rule for proportioning 
concrete, 106, 


General notes, 3. 
General rule for thickness of 
walls, 92 


‘Heads of water, mee of pres- 
sures for, 157, 

Heights, crushing, 1 brick and 
stone, 82. 

’| Horizontal omg in slabs, for- 
mulae for, 5 


Inches in decimals of a_ foot, 
table, 170. 

Tngeediowes 
tables on, 


ee yam of, 


5, il 


eee bars, table, 186, 
oists, — span for floors, 


table, 
“Ran sizes and diameters of 
8g coil coupling, table 


aca safe cost of, 101. 
Linear measures, table of, 134. 
Load on masonry from bearing 
plates, table of, 86. 
table of safe, for piles, 163. 
Loads and stresses, table on, 84. 
on inclined planes, table of 
strains, 178. 
two equal, on beams, table on, 
proportioning, 105. 
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Masonry, crushing height of, 
table, 82 


Materials required for 1 cu. yd. 


of rammed concrete, table, 


Measure, table of linear, 134. 
Mercantile buildings, thickness 
of walls for, table, 160. 


Merchandise, weight of, table 
on, 167. 
Mixing, continuous, effect on 


mortars, table, 181 


Mixtures for concrete, formulae 
for proportioning, 107. . 


Mixtures, percentage of water 
for standard, table, 128. 


Modulus of elasticity of con- 
crete, tables, 36, 37. 


Nails and spikes, table on cut 


steel, 17 
Maxaral cement, specifications 
or, 


Negative moments, rule for de- 
termining, 67. 


Neutral axis of reinforced con- 
crete slabs, 


Nota! consistency of cement, 
26. 


Open-hearth basic steel, table of 
characteristics, 180, 


Partitions, weights of terra cotta, 

table, P 

Piles, safe load 
table, 163 


Plain rods, cost of, table, 93. 
Plaster wall, rupe for, 102. 


Plant, cost of, 100. 


in tons for, 


Portland cement, area covered 
by 1 barrel of, table on, 102. 
concrete, safe strength in - 
compression, table on, 39. 
vars of continuous mixing 
o - 
relative economy of, tables on, 


‘specifications for, 120. 
Posts, safe load for, tables on, 
20,: 21, aes 29 


Power transmission by wire 
ropes, table on, 

Preparing, wheeling gr Bore: J 
concrete, cost of, 


\Pressures for different as of 


water, tables on, 157, 158. 
Price of concrete, table on de- 
termining, 95. 
Prices of natural and Portland 
cement, table on, 41 
rhage of steel reinforcement, 


aia ein concrete, 105, 106, 
07. 
Fuller’s rule for, 106. 


mixtures for concrete, for- 
mula for, 107. 
Proportions of ingredients, 


table on, 95, 112. 


Rammed concrete, materials for 
1 cu. yd., table, 1 

Ransome bars, table on, 77. 

regis? coil coupling, table on, 


Ransome system, formulae used 
in, 67 

Regrinding coarse _ particles, 
table on effect of, 45. 


\Reinforced concrete, nuetral axis 


of slabs of, " 
Reinforced concrete  specifica- 

tions for, 114, - 
Reinforcement, prices of steel, 


systems of, 7. 


— —<<. 
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Resistance of bars, table on, 30. 
Resistance of concrete and iron, 
table on, 29. 
Retaining walls, 74, 78, 101 
Rods, cost of plain, table on, 93. 
Roof surfaces, weights on, 82. 
Rule for cement stucco, 102. 
for determining negative mo- 
ment and vertical shear, 67. 
grr te. for proportioning, 


arose for thickness of walls, 
for wall plaster, 102, 


Safe load for, table on, 20, 21, 
22; 29 


for masonry footing courses, 


table on, 174 

for rectangulay beams of dif- 
Serens woods, table on, 14, 
6, 


in tons, for piles, table on, 
163. 


for wooden beams, explanation 
Pe of, 9. 


st tables on, 20, 21, 22, 


Second coat, rule for, 102. 


Shear in beams, details of tests, 
table on, 144, 
ft 52 bolts in timber, table on, 


in ae formulae for, 54, 55. 
— rule for determining, 


Shears, bending moments and 
deflections for beams, 57. 


rosie expanded metal, table, 


Shingle Lapa table of 
strength 

Sieves, Nea and French, 
tables on, 44, 


Slabs, formulae for horizontal 
shear, 55. 
formulae for vertical shear, 
neutral axis of reinforced 


concrete, 56. 
Slag cement, tests on, table, 165. 
Soi = bearing power of, table, 


Span for joists, tables on maxi- 
mum, 24, 25. 
|Specifications, Standard, 
cement, 
Spikes, table on “cut steel, 178. 
Standard mixtures, 128. 
Steel, characteristics of open- 
hearth, table, 180. 
tests on adhesion of concrete 
to, table, 31. 
reinforcement, price of, 93. 
Stone, artificial, specifications 
for, 118. 
Strength of concrete, table, 6 
compressive, 34, 35. 
Stren of cement, a on ten- 
sile, 120, 132, 
Strength of aeaee "effect of 
sand on, table, 158. 
Strength of shingle concrete, 


for 


table, 56 
Strength of wooden beams, 86. 
Stresses, allowable unit, for 


timber columns, table, 92. 
Stresses, working, 47. 
Stucco, cement, rule for, 102. 
Stucco and mortar required for 
1 cu, yd. of masonry, 102. 
System, formulae used in Ran- 


some, 67. 

Systems of reinforcement, 7. 

a ae formulae for use of, 
Tensile strength of cement, tests 


on, 120, 


Terra i partitions, weights 


of, table, 83. 
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Tests on beams, details of shear 
in, table on, 144. 

by Prof. Goetana Lanza, 138. 
by Prof. Edgar Marburg, 142. 
by Prof. M. A. Howe, 151. 
by Prof. Talbot, 146. 
by Prof. Hatt, 140. 
by Prof. Turneaure, 150. 

Thacher’s formulae, 34. 

Tiehpen of walls, table, 159, 


Transmission of power by wire 
ropes, table, 176. 

Typical analyses of 
tables, 43 

Two equal loads applied sym- 
erate to beams, table, 


cement, 


Ultimate compressive strength of 
concrete, table, 34. 

Ultimate strength of Ransome 
bars, table, 77. 

Unit stresses for timber columns, 
tables, 92 

Unit stresses and loads, allow- 
able, table, 84. 


Values of K fer, computing 


beams, table, 


Wall and pier footings, 67. 
plaster, rule for, 102 
Walls, cost of abutment, levee 
and retaining, 101. 
general rule for thickness, 92. 
Water, percentage in cement 
mortars, table, 122. 
pressure of different heads, 
tables, 157, 158. 


Weight of Johnson bars, table, 
186. 


of merchandise on wooden 
floors, table, 167. 

of roof surfaces, 82. 

i ahi cotta partitions, table, 


Weights, table of, 135. 


Wire ropes, transmission 
power by, table, 176. 


Wooden beams, strength of, 86. 
Working stresses, 47. 
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